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A m 
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g*LUI j#I»jj ^wul 2ULJI SjIriM 



VbJ^^iiLffi 



^IjjJI oV^lj oLilj^JI ^Lll^j 



O^ 



4 4i \ 



jji vrr 




A4JL44 ^IjjJIuVtfljulJljJslI 4jL^jjddAfiJ jaid*UI 




AftJUi* 






^JLc SjjLSJI AjjJlXI 4-ulajJl jjlj^-ill (J-jjfcGJ (jjJl$X\ c-<jjJuJIj ^yliil ^^fLtlti] 4-aLaJ! 4.lo.<.uJJL 1 ^JL 



*_uJ 



.LaliLo a^jlZlII JjJlJI ciiL^JL JUj 4JL! 

4 a JlSj 1. 1 4-JjjJI c-JjLseILJI *_a ^J-fljJ 4-xjL>oI 3j-Laiw tl-^uJLI j^j-kajj ^u-^-u^Il! 4-4UlJ| Sjlj^l Q-Laj>. Ju9j 



cM 



s-i 



'>i 



\0 



/-l^ t, I C_-<JjJuJlj /^2-SI ^- lUT l U 4-dLjtil 4.Lrj-t-ulXlj J-^aJI 



jui^zd] ^JjJu ^cu^wlJ 4JLcl^=lLc *j ka Lj Ajl^JJ! ^_ (jGsejJ! £Jl& /^j^stll! iJ^JtJl 3-3-*-" c - 

3 <J-^ 



4-iISj *w-o3 ^jjJuJL 4-i^.IjjJI CjWIj CjuIj^>iJI 4jLu-^j sJ^Jj^ '**"" ^HdJ^*-^ 4_u-Sj>iJI £Jl& (JjLujj 

* »* 



j^c 4-UI {^yQ J-^G 4-ujjJuJI 4-j-l2j>Ji oJl& ^LjJy cl^V t* L ^ (jr^J /y-ALtJLl j^-L^jj ^u-a-i-^jJ 4_aut]| 2jl jVIj 

.oljl^JLl *JJt L-jLuil^^l 4-JUiL ^Ju ^1 Jl^aulVlj oLLllUTlJIj ^LClluiVLj 






tl-aGJLI j^j-La3j ^-j-^jl^jJ a-^ulJI SjI jil 







J* 
4jl^ b* 4-q-Lmrw j^jL-oi* CjjJu>* J I (^J|2 4^LJjuaJ|j ^a-L3e_cujJ I CjmI <;T ^_j^lu^-Sj J I ^Jl 3 A>] ^| ^jlj 4 I ^j'^ 






.(jLp-Vl ^^JU 4- s JLjJLx oVT *l>i!aj 
A^ialia CjL^jI 4_ ^-pe-iiuJIj C-4-ij3IlII CjIjUt ^b J-^TlloJ 4-i£.ljjJI CjWI 4jLu^ J-^I^C *wk| 

^jjVI jL5tdi J-tbrJl j^-v ^^ o^l aUbJ s^M^u oL^j^Jl oLu^jj L,>r^ 4^ju jjl^j Intervals 



:4_JbJI oIjlxjJI ^b. <^tn,^JI oJu* J <d u.1 
.4J1^imi?j oj>>^ fwfclj 4jLu_uIj i^ljjJI CjV^M 4- jWiVI <_£jju :Jj^l Sjl^JI 

.iJ5u cryai jk*ii ^ . ff,t ,^- ,n 

Sj^Vl ^Tj UjL^Ij ajcIj^JI oV^I ^_ iilsiai JLL^>U ^>LaVlj ^Lu^J! ^jju t^JliJI sjl^jJI 



(jU'.Mtijja^xi 4Jj|j 




^ 



A m 
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g*LUl j#i»Jj ^wul 2ULJI Sjl^M 



♦ An 



liUfiljjJIuVV^ulJljJtll 4JLudj f&puiJ 



J^ljUl oV^I jL^I 



^r> 










:4^j^*_a ^ji^. IjjLs c_)jjuJLl (jj^j Bjl^jJI oJJt Jl o^il Ju^. 



jL^jVI 4j>«JLjuc 4uj[^=3u*\ .V 



4_c£>L>» ^j-oJ^Lc ~ jLQiwI a j /^f 4 j|j^j>iJ|j 4_i£.IjjJI Oz^Ll • t>d ^jjq A n h ^c Hj-*' 

. Special Tools 4-^Uw sj^Ij jj^ 



:SjtJL^tuLdku 



4-^!jjJ! o^l 4^123 sjU Lr ki^ 



- \ - 






JJIYYT 



full 



^ljjll2yiHU23 




oW^I 



. V-LLrj-l 1 ^- 3 JlitX 1 



Jk*J1 



^Jl (JjajIiUJI j-^j (j-« (JLisiLiV! (_ i j 1 1"< (_pJlj 3.' . J.' t*"-^-^ Cy 6 *^ * ' <* '^" cr^ <UL>J! 4JU (_3j_«j 



f.$jui jl <Lij1 > ri-*.tl ClLtlqjtJI ^JlvI ^_ pljjji p;i » V« 1 1 ^_ LLai. '(j-« /?^-y (jr 1 -^' 4-1*1 J^** . (_JjaJ3aJI f->^$ 



.aj^l ,-.i*jU;„ L) i aA j ^_ Typical Failures i^oj^dl jLL^Vl qj^J iil«l ^jj (\ 3 ) ) 



PIPE (leakage) j—Ull* *-*>«= 



JLjLill Jt£*JtJt > 



DRIVE SHAFT 
(fracture) 



=o 



(seizure) 



STRAINER 

(hlocked) 



$ 



RELIEF VALVE 
(jam) 





T 



CONTROL 
VALVE ^-^11 f U^ J^ JU. 

{seal defect) 1 







MOTOR 
(wear) 



*,__!., i FILTER ttjIockaqeJ^HJ^ 
COOLER (corrosion) ^1 \±** 

RESERVOIR (empty)^>J! ^ uI>^J1 £}j* 



Typical failures in a hydraulic system. 



JLJjjjLijJI aU^I] 4-L^J>j^lJI JlUr VI Tc-JsjJ ()) J 



.t-u 



- t - 






jJlYYT 








VALVE (fracture) ,-u^i^ 



FUEL 

(fracture) 
GEARS (fatigue) 



. „, _ BREATHER 

wJ1J ^ 1 (blockage) 



^— j 



SUMP 
(empty) 



© 




CYLINDER (weaO^jj^jjiSVG 



PLAIN BEARING (breakup) 

DRIVE SHAFT (fracture) 



ROLLER BEARING 

(pitting) lAsA,.^ 

OIL PUMP 

(blockage) c^-^ i±^# j^ 



Q O 



Typical failures in a mechanical system 



^^/■l^jt l ^UiiJl 4_ ij> j^dl Jli^VI ^jj (Y) J 



JLU 



ifrl J^aj <W>JLI J-l^j-uTJI c-ajj-k i-u-Luj ojl^j ol^j^llj oV^I 2_ (^M^L^VI) j^Jdl (j| 

rt j o ( ^T( 1 1 Sj^3*j (jJUtil p^JJJ Sjj^jJIj 3jij^>iJi 5-5&-UJ 4Jjl oj^aJlj 4^Lj^-tii]l OJj^JuJl £)J 



.Luu-lLs 



. r . 







JJIYYT 



full 



?bttljjll2yiHU23 



:(i*iyL£ujti\) j*2\ £\jA 



Adhesive Wear 



JjL^UVI i»,ui (cdM^-VI 



Abrasive Wear CU,utl) oiuaieiJl **,£ C-d>Lgi 



Erosion Wear (o^ull) w ^j>'^j" J^fctfl ^i C-d}L£ 



Cavitations Wear >^>JI objOj 



Fatigue Wear j>l$^Vl **,£ 



Vibration Wear jIjiaVI o^ 



Corrosion Wear I 



jLuaJj 4j^_u 



Another Kind of Wear ^ji*. I J-l^ i*^ 



(cilM^i 



(^>Lsi 



(ciJ>Ul 



(<-d>Ui 



(<-d>Ui 



-VI 



-VI 



-VI 



-VI 



-VI 



-VI 



-VI 



> 



u 



J- 



u 



J- 



u 



J- 



u 



> 



> 



J- 



> 



u 



u 



u 



u 



.^ 



.Y 



.r 



.£ 



.0 



.1 



.V 



.A 









J* 






JlIc C^jjL>JLI 4-5eJL_t/I ^j La t u (^^ic 4_u-<jpJLI ^Ij-ll -^3^9 tiJJj (JlLo ♦ t^ S 1 1 L^-iJ Jl (jI>Ju>iJ! J-u^j>o ^J5tia 



^_a 






- £ - 







(J\ ^JjJLl (J^sHJI ic.j*-<-uJ 1_£J j^4J ^P-JI C-cOjLjVI j! L-dJjLscIJl (J^liw <Jj1j_<_aJ!j CjIjLjlJI Jjj^ ^^pJ CJJl>uJ 

J* 



j* 

£ £ 



(ciJ^L^L-uVI) j^5tl!l Jj^" ^djJl! ^jUI U^ ujjb] jf I Jli^v. ^LS-t-^ 4 1 j 2 < ^> ^ c-txiul (JL^jlL-uI J tia a 1> I ^j-^ ^^ 






.Jij^jJI 3!>^l 4jlpr £yz BjJjllI 4jbLLaJI C-Jj^-aJ 



dill ^jle. JllLdj 4JU-C ^1 J^f «j>SJLt 4-ilcjJI BjILaJI J-ij9 ^jLi^I 4-ij-cu-^ 4JUjlJ 4-lLl<^&Tl1I A^LLaJI 3jLj JJ (^Jp 



. LJI JL-lL-uI C-uJ^JJ L^-4 J-<^jlJ! 



_ o _ 










J><-^ Jl lS-^P <>I^Ail 0J^> <J^ 4-^jJJ *lj^.| <>J 0j-uL oi-i *>!- er^ ^'j-^ J*»J1 jt ^L^l JLfcJ 



.jL^jVl 4-C-J-*-" (j) I L£-^ ^° J ^~ 1 ^" 1 S JUtXl ^-t-r.L>. ^^i^. J^JJJ 1-4-4 ^-Ij^Vl (J^JLJ I|_ dJ^L^L-uVl 



4-UJutil £.1 q_<_u I JutXI £.1 V>*> ^^'" />U Lc 4_oL> > J ^=a 1 1 4._oLl$_l^=l1I Cj^LcLijJI <L5t_uj I i uaJl CJJl>iJ 
4.lL>tJ J I ^JjJ L$-4 ^u, J AjjJlJI 4 S j La 11 *_a J^5t^J ^JJ^ l£^J( C^ 7" < u^ajVI j uaJi£ J-^J^ ^ c - 3^2 Lul J 

: 1 fr 



.LuIj Bju-o^sVI a-JU^. oju^. cdju>o (^jJI /^U^tl j^j jjjVI . ) 

.SjU-a^VI *Jl£.J f-LvjVI 4-JUx. 0ju£. CJJU>0 ^jJI C-J^lUI jjfcj JijjL^=lJI .Y 



. 4_JLc r I ua 2 1 1 j 4JLc Jl^JL! 






^.^Lta ^_ 4-ijJljlXI OjjjJI 1 tiaJ) AjiitlLcaJ . I Jlu^JI A A 4C ^.LLajL 4^1 JaJLl j^^LulJI ^J-Sj. iVj-i]|j J ^3 jui 1 j 



. 4»jjJul1»I ♦ La S J l ^j^» 



J 



I JlI ciJ^L^L-uVI icj^-<-u Jl (^J|3 AjJljuJIj aJLjlIi aL^jl^ ^djJL>* ^j-^-Sj j! ^Ljj t ^ a j' ^^^N ^ < ^' ^-J^^-" 



- 1 - 







tcilM^i^VI J-A^iJ L^jLlIj^ c-x^iyi ckjj^Jl 









(** 



■ Lf.Ll 



^V^ J^ J- J -^- ^ lU ^liXI AJjIj^l i^jjJI Ji ^J^XI Sjl>x 4^jJ> ££>j c-oo .Y 









. v . 




^ 



A m 
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g*LUl j#i»Jj ^wul 2ULJI Sjl^M 



♦ An 



2udjjJluY^ljulJljj&}| ^Lu^jjfi^ml 










:3j!J*J! 



■"'*'■" 



■O^i 



ih^ <jM ^j^ 



:<Bjjuo ^ji^. IjjLs c-JjJlUI (JJ^J BJl^jJ! £Jl4> Jl g^il Ju^. 

./ V ^ Sjl jl^JI oju* o^I ^^ J 23 ^ 6^ 



.Special Tools 



:3jtJ^tuLdku 



A^ljjJI oV^I iii2j S jU w U^1 



- A - 



ULttljJb^l 






JJT rrr 



ji£» 



^bjJIuVVlUuj 




ijJULuJl <Uj3|jJUj yJ^J^" uuJ* 



4-La-L>JLl l_3jjJ^JI i^juc Juu 2 JulXI j! 4_J^U 4-iLaJI 4_JL>iJI p J J S3 J I l^Jl^j ^Ij^J J-& Q^Jl"*' '** 






Humidity 





fU^vi Radiation 



Air 
velocity 



Temperature oi>»fl 




▲ 4A 



Gas 





Vibration 



ou 



Pressure J^^i 





Light 



Air 

particles 



-i-U 



- ^ - 



ULttljJb^J 






liUcljjJIuVVljijlil^BJI AJLuajjniTtifrt 

JJIYYT 



^UjlluyiHUZ) 





Eart 



t-C-U-Jl 



u- 



^dJI 



Finger 



Tongue 





Human sensing of machines. «^* iJ1 u- 1 ** 11 



(2) J 



-i_U 



- ^ 



* _ 



ULttljJb^l 






JJT rrr 



ji£» 



^bjJIuVVlUuj 




a gg <^- <^ 



^■JL^-IUJ 



O^ 







Ask the operator 



otto jIj^ji o^^ /r 

Inspect the machine 



Know the system 



4]Vl J-JLSij / 1 

Operate the machine 



CO J 




Test the Conclusion 



Conclusion 



List the causes 



JLM 



. \s . 







♦ JMraMM f 






£y* ( (jt ju2>[£l£ % $\ j^jlJI) ^JuJll SjILiJI Juu (JjJlu jl ?r jl uaj) 4JVI j^^Lut] ^jL^jJI JuJusel 



- X 



.^J-Lt-LaTul 



4_iLLn 4JLJI J I Jj-^jJI J-uS J-JLuuJI SjI Ju JlU 4JVI j^>LulJ J}U*VIj JuJujsIJI JL^jj* JuJu>u - 1 






. L^.I^jU ^jLjuaJl oLJU-c (J^Liw ^jL^jJI ^^-pe-iiu]! - ^ 

«uLcj^>Jll jl j^^Lutil jujl>ij (J^L>* ^jL^jJI ^a-pe-tiuJI ~ Y 

. Sj^Luo J-Lajul CjjJl>» Juu ^a_pe-tluJI ~~ T 

J-Lajui fyu^l Juu J^^UI ^a-pe-tluJi ~ 1 



. Utl^L ^Lu^J! cjLLm J>U ^513^1 ^jV,V.tl : JjVl ^jUI 



jjl&LjlC fj\ Jl-lL-uI j| tcuJLu^j *uJu9j 4-uLsE-dJI j! 4-uL9jJI j) 4_x!LlZl1I AjLxu^JI (J^L>* pj-^ ^ t - Ju * L$J^i 






. 4j^ojwJ» I ^Djj?e-dJ I (3^3 4-5eJL^aIL<-tuc ^ \ Ju Jl>» J^-^ Luu 



- It - 







. Sj^fuU^a JI^jlII cLjjJln- Juu (j^aJiie-Llul] tdJuJI pJ-tJl 



JuJl>iJ L^jIa-< a] &J s j^— » ^ * Cr^J <j-^_pe-tluJ I C-cjJL-u) J^ulaJ ^j-^ JuV 4_lL>iJI £Jl& ^_ . iJ^U 4 JLlloJ 1 4_aJu>iJI 









3 JuJl>JIj i-u-uLLt! L-2jjJ^JI J-^J (^J^l ^JJ^Il^=l! 2! C_-<-<-uL>iJl a! JiitlL-ul Jl OjJl>JI (^Jlo1\ ^-s^-pe-tluJ I (J-^J 
oLuJj^JI ^Ji^-J J ^j Hi 1 jl JlS-^j J ^j 1 j 1 . 1 (jJljlXI 4_i£.^j JuJu?tlj 4JL&JL4 ^-jLIj ^Uaju CjL^dj^>JLI C jjjj 



: ^j^jV Mini Sj^>.| 

: 1 $ a /k)j ciJj^>JLl ^mj-SjJ 4-^j^UI oljL-LliwVlj oL-uLlSJI ^jJlSIj 2j^^ 2I 0Jl& AJ-Sj 

. j±\\£lu±[ 1 Ji^jJI 4jq^-i C>°W^ jW^ ~ ^ , 

- ST . 













. jiwV! L^ia J^= 6i^ V^* J\ ^^ Olhf-^ ^l2l]l <^l>tlj ^Lf-^ 



c-4-JL-ul ^jJj ^4P^ l5>^' ^^ o-^J d^' ^-^tj-^-U prW-^^ UJ^""J ^LcL^= ^L^ai! oLc^lj ^jJj ^-4P^ 



4j1 u,M1 ^o J^=J JJJ^" J«V«| ^jpa I JlJ i JSl 4jLl^U ^LlL^VI (JJ^aJ 4JLaL^= 4-i*jLnJl ijSljJLl 



3 J ^"^P* * ^y*-p-^J 4-JU-ulj O VLilL>*l LLcLc) 7tlflJ dJJj s j^— ' 1 4 al^=aj JSI ^J-Sj>o Lc J-& uuc 4_lSljJLlj 



£)Jj (J-t^C jl jLl^jLj LlJLc. Lj^Lij {jl LuL^ jLiiit ♦ ^\? C-JbjJI ^_ 4 1 j £ * a 4 flj^SLJJj 4jLu-^ ^jILlxuc (jjJ-Cl 



3 Jud! c^L2j! Olp^ £? 4- J-Vllui SjH^ntl <l^au!uXI (jf ^1 < ^^ ^*>^ f Li* 1 * ^W^' ^^ U* 



. 4 1 j ' a * j lC 4-JL^=JI 4-ii^=LjJI (Jaj>o L^-4 U ll^j jj ^=3UJ < u 4JVI J I 



: 4-uulZLll 4-i^I >il L-SJJufc? 



. \i . 







. 2J&1L Sjl ji»JI ^hlL (BSI'EOQC&ASA \jr>^= ol_^>« o>l5 ^U 






Ula t-Jlaj Ulp. ^UJu l^LaJo^J iJVl 4j/G ^L^ Lr ^> : ^ U^= iftL 42i]L Sjl Ju>JI (EOQC) CJSjX. 

. LtIL^IL>»i uQjlc > '*JJ <: W JUC (J^-+-^ ^Jj^ ^-^^^J BjJtrta ^p_ijj 

jL^I *Ua JUo.1 : Jb U^= 52iJL Sjl ju>JI (NASA LuL. ) a-^u^VI *U*AJI iJl^y c%£, 

. 3 JjL5£^o (J-lJ-cuJ L-SjjjJs C-OiJj ^j-^jJl (j-4 A-Lljl^ ^p-3 (J^L>* J-^-^dVI 4j*. jj I ^JLc 4ILLlL3^j 
4-ljL^L>. z 1 i ^J-lJlluTu I (JLsca c £.\^z\ c 4_<2jlbjj! - : (jjJb A/ }$ A cI^LSj (JjuuqJ*. (^yo-L^a 4-SjL-oj! Aj^Ljj! lJijjuuj! 

If 



4_u_uLLc^-lC 7c_j-u^J 2MJ Bj^jILc 4-SjU-ojI ^j-u-^>J| JsLSJji ^j! ^j-^ Jl^^Ljj! /^-i_iJj Sjl Jl>J! p j j dJ JulC . 4-lxUJjJI 






o^.\ <a^=3U 1 /gAMtAj J <sL^=3lj 4JVI ^LfS ^jUJll ^y 3 ^rP* ct^*^^ ^^J*^ ^^JJ O-* ^^J^^ c-jjJLUJLl 4-JL^=JI 

.^J^iLl! \jtj^L J\jL J^-l1^ JTJ^kJJ 



^Jl J-^2J L^JLp^j t -il-ij^ j^5tlJI (jj^ * Jutiu j-<^t]l aJlSj 1 ol^— > i$J^>- I ^^ (J-^ 3 -(Jj-^ Jt^ 5^i»^ ^'JJ^ 1 






.i_L^LijVI 4_JUjlJI ^Jlc Ij3jX\ J^cIjjlJI ^j?t^j p^j jujL?tl(J <^J-5ij ?:jJ»JI 5_iSlj^ LjLp*T 5-ic.LLl^JI cj! ^j jU^tl 



- \o . 







jaL$ c-^uLU! c^JI ^_ il^LUI *I>*VI J! jui^l ^j ^L^tl oLU ^jt^l *lj^L ^IjJLl Ji^ij 



• lSj^I 3 >* 'Lp^' Ji ^-4^=UI 3jLcI jiw| Lr IjL4Jji C-L4 



<— d_t 



A-Ai^sJ 4_uuLZl!I 4_l9| JLl < ( 1 LaltJ a A-uLstAll 4jl_LuaJI dqJL-uj *-uJ /Jill ^iX #lt 3 "Luc 4_uuLZl!I 4_l9| JLl • a a >ij 






J I Jj-i-^jJI (^>-\ (j-^ 4-tAjLZL!l 4_l9|jJJ ( ajJL^aJJ 4j LjuaJ I ( ajJL^aJ £j\j 4jjIj_s ciJLL& UJ^~ '" (J' Cr*"^ 



^_ 4-t^ljJLl 4.Ll<-uJ *.J^jj (j| Ju 2 O^p- < 4luS!jwC L-JjJLLaJL I AUaJLllj L^-pJ Lt^LujI 4_iSljJLl (jL^a a cia_u^J 






. *LpjJL>* J-^- OuLd uJlaj JJL^c ^JjjJiS J] uJij-Sj JlS Lu^ji 1 ^^^"^ 1 3 JuLaJI 4-^jJlC da-^ (J-^ (JJ- 



U-LJJ 



dJJj (3-S^>o ^j! Ju z jLlitXI 4_iSljJLl »-tJ3j-^ dJJj (jji^-J 4lu^!jwC c-jjJLLaJLl C-cJjJLj I J^p* ilsjiit-d c-tjIj-tiJI 



a! LlSjIj UlJ^-u (jL^a £!j-<-u jUj*La]| pjJ JuJl>iJ ^^-^ 3 ^J a L^juaJ 1 Jllo 4-i^=3LJJ L^=3l-L4 4-JU-C Juu Jl 



. ( 1) q£=2uuu jJ^-Ji 4 jJujJjj (<^J C-jLca^o UjJ^ajua_a uu^-u 



- U - 



ULttljJb^J 










^bjJIuV^lUuj 



Laminar «j^ 



Flow <^ J 




or 




^ji^^oLLM-Turbulent Flow 



<t)j 



-i-U 












-UJ 



- w . 



ULttljJb^l 










fuJi 



IttljjJIuyyiUS 




YES, for average if pipe is full 



Yfcb, tor average " \L 



^*- 




NO, unless previous debris 
also being detected 



(o)J 



o 



"t 



J-U 



^11 £y* jIjIlaVI ij^ljuo Ju^.. 4j^-ijtjjjL^Jl Alai]l ij^ljJL a^jILSJLI ^>^La^I J-L^l j-^j^ 00 J 



X-U 



. £L>o2l i^juc 




A ^ tl>* A 



Pump 




t 



* 




J 




A 



Relief vaive 



Reservoir ^ 



i 



Actuator (a»L.i) j^a 



Control valve r^"^ f u ^ 



^^r 





Filter cA*- 



li ^ ^^ ^ ^^ 




O) J 



JLXJ 



. u . 







L^-ijlji L^jIjJI (^Juc i^jjucj SjIjJlJI ^.Ij^VI CjIjIjIL&I j^JlSj L^JjI: (j : J>^l (jji^. 4-ljuLIlJI 4-t^ljJLl Juiluu 



jjti^itl 1*1* oljlj^V! ^LS sj^f .Bjudl j! aJ^I <>* BjIjjJI ^Ij^>U oljsVI ^jl^j oLjujJIj 

. 4-Uj_t^JI CjL-uJljlIIj CjuJuJlIIj oLcJuu^JI Zj-£>.]j (jaujLJLo ^Jj^Is £>^ (^-4^ CjIjIjJL&VI £JuJ 43^J icj^-u 



^m^-> JJl>iJ L^jI L^=d c (3^-^ L/^ 3 - 4 -^ ^J % JJ cK^L^J ^-^d)^ ^^-3^ 5^jjl^oj < j j Sj J] Sj^^jI dJJj l-SJi^j 



4-SJLjlJI ^jjLjlXI BjljJij C-tjIj-tiJI fl^T (3-&T ?c_t-bjJ (V) J^-i mi .CtJjJlj 4-SJLjlJI ^jjLjlXI Sj|j>Jj C-tjIj-tiJI 4-i£.^j 






j! iZuuM Jji.*" ^j^ (_k»jjuj 4j| aI LoLc i^j^JLI *bl 0^= I M L» uW ^LuUI cdl3 Ji^=3 . oj)JL> 



udj^JU ^ cjLUaj *L2Jl ojJ^ *JVI o^^<~"~ q£=**\ ^JJj- ^'j^-Lj J^=LUI oVjl*^ ^lijjl J 



. (A) J^"" ' "" * $ ^ < ^ j J 1 n^" 1 i L^cL?ej>. 2 L^jia 4->iJ^-iiu I vu^jui (jjJLc 
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ULttijJb^J 



^IjjJIuVVljuljIjJslI fcb^jjAlft.£j 






jJTTYT 



^bjJ!uV^lU2j 




5j*XI 03JJ *-ju\$h gl^ji 



Debris particles found in a typical machine oil 



Particle sJiape J*^ 1 








Typical names r 



VI 



Spheres ^ 



Some possible origins j^ 1 

Metal fatigue ^wi >* 
Welding 'sparks' H« y> 
Glass peening beads c^ 1 ^ 



Pebbles and smooth 
ovoids ^*^ 



Quarry dust jUji 
Atmospheric dust 



Chunks and slabs ^ 



Metal fatigue *«»>* 
Bearing pitting *ww> ^L^i ^ 
Rock debris ^>^ -^ 



Platelets and flakes 



Running-in metal wear j^ 
Paint or rust *wij ^*ji 
Copper in grease ^ i^^ 



Curls, spirals and slivers Machining debris ^ (>J , 

produced at high 
temperature 



*<j* 



Rolls s**^ 



Probably similar to 
platelets but in a 
rolled form ^»jU ^wji ^ 



Strands and fibres 



Polymers j^$ 

Cotton and wood fibres 
Occasionally metal 
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g*LUl j#i»Jj feuatt 2ULJI Sjbtft 



♦ An 



^IjjJIuV^tljuDlj^l HSUtfjjn^fJil 



^> 



t-}LloVIj ^uLllaJI 



ki 










:5^jjuc ^ji^. IjjL^ l-JjJlUI (JJ^J BJl^jJI £Jl4> Jl o^-il Ju£. 

4_uUtiJI AjLlu^JI .Y 
4_utlql!l AjLu^JI .Y 

( r >L^i ) 5^>uji ^Lu^ji .i 



.Special Tools 



:SjtJL^tuLdku 



^IjjJ! ofVI 4^123 s jU Lr k^S 



. rr . 







dJJjij 3 JuJi». (jj-^J clxjL^a 1 o^-i t^luzuI ^Ij^ Lc ^lc O-ca-i] Jl 3jj-&JlLo jJlG (j^-JI £.!j^ VI (J^L^I 1 ts>C\ ^Jt 

.JjJju 



l» ^y ♦ 



(J-i£) 4^-^J ^V"^ (j? '^ A k -^ JL ^ J' (pj La-3-ti jILc jJL^aJI) 3 JulaU 4-jJLjlAJI J-Ji-tluJI CjLcL-u ^j-uL-ul ^lc pj-cbj-xs 









4jLI Ju JuX. OJl^o m^jJI JLkJI j! JkjtJI LJ>1 m-h^iIj L$JjJt^ J^ JLW.VI Cyjgo Jl Lbj| ^L^tl ^Jjj 









: ^^ 4jMj 4.uinjJl <jLu-a]| c^ljufcf 
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^bjJIuVVlUuJ 




BJulU JWl <jV IjJoj aSLuJI A-aJLiJ! oIjula J-JlAj Ju£. 4jLcIj^3 c_cj>o La aa| ^LulSyi AjLl^I j-luu 



MO^=L 



A^Ltiul 4_4ju>j! OIJuuc <L>»LL>iJ Lc ^-Al . *_4JjJi a-lju^jz ^_ (J J t^L>iX I (jr^^* J' (Jj_u^>Jj pJJ ^-<-t/j-^ ^_ £ij_<_u 



: J^" 



UJl (■ * i 



1 / Ulil 



L> 



La^-Js (Jiill (J-1-Lt.u ^i^.L^bniai ♦ ^JJLj ciJLilg. jjjlL-u 4-u12jJI ajLlu^JI L;r l^. 1 j £ a £ < u ^pJI aJLJLSJI oVIj^JI 






Jl^L-u clJj^JLl BjJlS <jl U^/M ^[p* fj\ J-u^j iimn J3I3JLI dJj^JLl dJM^l^l £>* J^H-" ^J^' C^jj 



(Xp-Vl 2j^}U 3.,,,'itL j-aVl 






JU-U 



. <5 W-i 



5 S^U. 



L. ( ml 



<0 W-UU 



J^f 



: sjuai ^ it^uai 






dJlJjk ^j.f.u.1^ Ijil BjutXI ^ic 2 j ^j uJl (jjJLc jjL^j^ti. 3L?t^ ciJLcaAj Jl?cIL<-u i IjJwJ^c J-^lj-i]| x-j^IjJ ^J dJj^ 



. 4-xjL^jJI 4j LjjuaJ I oL^-Jju pl-pl l^J-<-" (jL^=uoVI jJ^ 3 JljlXI ^J-Lt-LoJ 4-^^L-u ^jl $ uaJ J^T ^3dL>^ 



L * 



: ajLu^JI f-l^j? 






: pl^l 4J^U J] 4-J LjuaJ 1 pj < clSj Lc^-uIj L^jIL^dIj 4-JLjjuaii BJuJlC CjI ^J-co2j cIJLLA 



. it . 
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Classification of Maintenance £iL 



ll^ll L-O-UjL^J 




Planned 



^3 



k*k»"! 



5t^o 



Jr^ 



» ** * 1 



unplanned 






.<-£> 



4_o*^LC 4jLu-^ 



k>l^ 



2t>3 






t^U~ 



2cA 



«♦ £. ( ** ** * 1 












. Y© . 







Downtime ^jJ! ^_ aauil J^ .Y 

.Lc^jj L^= ^^ ?r^I 2«A>?^ 5JVI J<>r . £ 
LjJ Bjj^JLI L^Uii spa J^ Sjudl <^ il^UJll .0 



j*J^L3 c jj^-Lt-u ) ( *t\l gj < uVl 4ju^-<-u oj <• '^> " £.|jj>*21 J-lljlJ 4-JLJjuaJl L^-t^ 4-1VI ^_ 4-cu-Uj £ljj>*! 

j! ^lJu q^=ugj *p>j (Optional) jLp^l 4JU 4. 03^=^ ^^^ Sjln^tl ^te J^i! cJlthOjj 



.Sj^-l^d UJ^~ '" ^LlSj-cuJL I jlj^b 2 I jj L^jJaj>J 4-j LjuaJ I ^j-d JuV (^J^l 4-!L>* ^- J! £ l£>^' 4-ka-gtU 4^djJ 



(J^\j 4-uIj>^=lJI AjbLkJl 4 LajLSujI (J I OJi^a ^Ij JJjktL ^ ^ £^ ^ ^ ^ ^sLLlt OlJu j| Jtia 









4-uUtiJI 4jLu-^JI.^ 



. rn . 
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^bjJIuVVlUuj 










. da-Liu 



^'C 



}UsV1 



. < La < "j" 1 1 ^^Lt-^ 2? I 

^1 J^l ~ Y 



-ljLcjjjjI J-u-oiil — £ 






: Bj^LjtXIj ^a-L5e-tiijJ! CjmIqT — 









- Y 



. ^jj^-cTlII <— )LiI»jC ~ V 



- YV - 







L^J p ^3 sej 1 1 J 7TL1j 2 I 4-JU^U 4-La-UjJLl 4jt-U-LaJ| j^c£>U£. j^J^iaJ . Y 
A-ig.1 LuaJl oLlltl j-^>[±C 4^L^=J 4-aLjlJI ^UMcoJI oLJLLala cryatlj 4jjjj^iaJI ol^LaJJI jLiol .V 



LjJ 2uLllaJI SjjJ 4j?tAj^j oV^lj Oljudl ?JJ -^-^^ -° 



L^Lu^ LjU ( ^J " s J S J t! JJ^J kl>-po gjj uJll 4 *1^1 Jill jUj!ui>U < dJl^aSll lal^Ujj.t^ .V 

^jLU ^jLc J^= jjL?^J fjj^iJLl 4- <jLu-aJI < uiS 4jjjj ^jJI jjJlJI 3-l*a? Jyju>o .A 

.4-cu^LuLl cSJl^j /^-llll 2 J^>* cA-^^ 5 ^ jj-LallJI I Jl& 



Jl ^JjJLauJ 1 ^.Lal 7:LIlj 2! <JjL-uj ^_ ^jLstiiil < ^Aj"tl £y* 4jIj9jJI L^3Jl& (jP-Jlj S-^joj^JU 4-jLfjuaJl < ajjjuaj 

4-La-Lcu-iJI 4-jl LuaJl .^ 



: pl^M Aj^Lj J] 4J LJjuaJ I pj < o2j ^ifc Lc^j-cI/ 4-JLjjuaJI O L^-U-clSj jIl^dIj 



«♦ * 



pjjJI I lut ^u^Lj i ^-Sj (j-i^* (JiiJI 7-^L^I L^jj '^aj 2 jutXI jL^I Juu ^uj L^-j V jLl^j VI 4jLu-^ LjLp*T ^4. 



<_uJ 



. j^u^a-SJI (^Jiil ^ji^. (—i-t]L^=Ll]| 4 tia g he. 1 1 J J ciJ^L^L-uVI 4juj^-u CjljutXIj ^>jL^=3lXI AjLu^JI £^o 



J^jlII AjLxu^Ju ^I^jLSJI ^j-^ 3 < / ' ^^ L^V 'J^- 5 ^9^: J^° J* 1 ^ J 4-ii^=uc (^-&$ dl^l^^A j lc A^Ljlus i^-&$ 



: 1 jo A| 3 JuJlC CjLliL-u ^yLl da-S^ 4_uL?tji]| 4jLjuaJl ^^1^. I JutXI 4jLu^> jl ual^l ^j La L Illu LU j^ CjL^jI 4_ 



- TA - 
















3_i£^jjj ^^-> JuJl>iJ I ^U ' L^J|j>Jl (^Jbc XSjjus^ SjljjJI £.|jj>*2| CjIjIjJL&I j^jJlSj L^JjI :4jljLILcj 



^jjJlj 4JVI oLoji^JLo j^c£>Lc£. ^j-^ j *^> ^ (J^ 3 ^r Jk»tl jJLu^o JuJl>iJJ (^jjJtHJu AJ-^J i-^Ji jl (j-^'J 

.j.^Ml e\j>.l cilia Jl jLjI^VI 



4-JLjjuaJI fjj^uilj c 4jjJuv. ^Jj-S JJL>iJI pJ^J (^jLijJ 3 JulaU L^JJ^t q^^cJsI) ^Jt 4-uL^jJI 4-JLjjua 



. A-JL^aJI Ajlxu^J! cJljJl^=ij ^j_a JJ-Sj l^js£JLlj j2 (^Ju-u c--<-AJu 

* •• •• ^y « *♦ ^y «* ^^ c^ * ♦» •♦ ♦ -^ •♦ —y "t* *^»* * ^y 



0) J^-.,1,tl 4. U^= Ljjla L^Lu (Sjud! j-*ii) <>jJI £• Sjl»XI ^L^J 2_JL 



' A < 



SjuJH >*^ ajIju 4. ajSIS^JI ^Lu^l <-iJL^=3 ^ JST 4-uUAJI ^.Lu^JI (JiJL^j ^t J^-i.^tl 1^ 



Ls I jlj .ijuLS^JI icl_Lt^aJI (JjC ijjLstjllI AJLjuaJI (—ktlL^aj jljjj SjuJll cll^l j"i i -\j (j-«j-5i JJl>*^ O^^J ' 



II c II 



♦ ^ 4-ul2jJ| 4jLu-^JI L^ ^jL-tuJ ^pJI 1 4-La-SJLt) 4jLi] Jj^l aIjwjJLI IL. 4-uL?ELii]| 4-jLjuaJl LlLlU 

Ajuu v^ / -f-S-U aJLv- vXI ^JlA ^_ 4-jl LjuaJI < ^ JL^aJ /*)L^ 4-uL^oJI AjLlu^JI , y * Laj > dJJj Juu u| Ju ^j c 4_uL^uiJI 
dJLJjj xJa Sj t i ^^JLseJJLl 4j! JuJI JlU 4-ul2jJI 4jL-uaJ| ^Lul ^^ ^ylUI 4-jLjuaJ| l_j^JLuL CxJj^l jJ 1 tiajf 



?■ ♦ ?■ * " f « 



♦ ♦• ^y 



. r^ . 
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^bjJIuVVlUuj 



^l£j^ 




ifil ^*) ^jjl 



0>J 



JLU 



pLuu 0^l3jj *u L$-4 ji^Dl 4_xjLj9jJI 4-JLJjuaJI pl-pl OJ-^ 4-J Ljj^aJ I cJi-Jl^=lJ <Ou} 03^ =s ^ J^ 56 ^ \lXJt (_^icj 

. J J VI JjwIjJLI 4 <U^ ^LuLfciJI 4jLxu-i]| c-J^LfcdU? 



. r 



* _ 







~ ti-uL^aJl 4jLll^]| Cj| V-L^-4 

^y2>\ h Vil L-f-LmJ dJLIjji jLljlII *_Laj9 ^° OJJ^^^ Jjl^i J I L^-^p Cr^L? A-Js^LlI^VI ^jtj-tt Cr^- O ~ Mf ^ — ^ 

JJL>iJI CJjJi>. jLtalul ^)-^ ^^J ^-^oj^ 4-kaiJ LS^J LfcjL>ol ^j^— » qj j| t 4-jLu^aJl C-Jbj *£— p ^=a sej 1 1 — V 

. J tlaM £jj-uaj 0jL>olj J-^a]| ^ic o jJ^jluA I ^_ JlcL-uJ L4-J 
Jji*-« (jlal^oV liUjj LkJJiC J^lISj £>£. N i^ ^JJJJ '^ 4±«L*JI (^JtJ^I JuJlj>o iJ ^C. SjJuUI — £ 



L^jIjI JjS Cil judl JIjuIl^V .j^^^ 4-^LlL^I *JLla J I i^L>JI aji^j s julUJ u L*^\ >«-*-H ilLLj — o 



. 4_l£>L>. BJlC i *LoLc BJlC 4 4^cJl>Ji BJlC < ^j^^- All 3JlC 

: (j^^^tl SJl£,(|) 

. ciJj^JU ^_ J-Lajtil 4_JL>* ^a-pe-tliJ s j^— » ^ * L^j-La^ ul aj ^pil 3 Jul! I ^fc 
- : dJ^>JU (JLLa^.1 j}^^ uxl 2— 4-^jL?tILcuJLl .j^^ Atl 3j^>*! Hj-h (<wk! ^Jy L^o^J 

4jLLai.j J^JLl -j^^l^ — V 

(^jlj^J! piaiXl cK^-Lb — A 

(J^LlSJ! 3 Jlc — ^ 

A-iSjjJ! OL-tL>JLl — (JL^j^il! — jILcjj^a-JLl — 4-SJjjJL! 4-^JlSJI — ^j-uLlSJI dajlj^-cu — ^j La t a 1 ,1 



. n . 
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* 






O^r 



4J_L 



r 



II CjLSJLv. cJual >iJ < kjiaJj BJlc — X 



43^ 



^j g±^=3 U 4 rtl~w 4-StIt^ ^'J^ 2 JLC — 1 



4-iL>JI < . ( j^j"j <^1^ 2 jlc — 



O**? 



tl_L 



JLl 4-flLv clai: 1 us> ~ "I 



4jjLLa-JI ^>^Li — V 

4JjuiaJLa 4jL?cJLc — 1 



(J'H^ltlj f^J^t * Jt£. ~~ ^ 

^.Ij-JI due 1 tis — V 

: 4^L>* Sji£. (j) 



^J-Jj ^_ SjLc j^^Ju 4 ciJj^e-^-U 4jtIjuaJL 1 A^jj^loILj (^p-Sj 4_t^Liw JJiC ^-^ L^-<-u I 1 g^ic <Jju 



J g < uJ L^jI C^p* * 4juI L^aJI 4^=dj~uA I {^A 4-t-^L>iJI 3 Jut] I ^lc (Jj-u^j>iJI s j^— » q * . dJj^>JLlj ^dL>iJI 4jLxu^ 



- ry . 







da_Luj-Lj| ^^Lt^VI 

:Ji* U^loJI JLL^>U £j>cJ! ^MuoVI c^LU^ J fa 

Sj^lj cJi_LkaJjj da^jL^ — CjLgL^-l^jI ^-ojJL>» da^jL^ — 4_ii»jdl Cj^Ll^jjI JuIjJ a 1 ^—» ^}j > ' A 1 t a \ I da_Jj SjLcl 
da > cb 4j>* adj sjllu da i cb (jLc2l aL^-lo J^jda £^£. cJ^"*" 4 """*"^ ^"^3 ' '^ A-^-caj'^ (jL*_tll<2sl 

:Jla S>f^aJI rM^V) c2jLU^ J o u.n 
*uk! . j^jjuJI jl 7-^L-oVI 4_d$-*j ^Lj-SJI r<u J^dLjJIj dJ^L^L_uVI jl JiILc ^j-uLSj 4_diw| Jl1| dJj^>dl ^lj^' O^^-^ 
£jj| — J^jdl -^J"^ ~~ d>LjJu>JI Jj-^X. — CjIj1jUm<V1 — (j-gjl^m icj-0^3 : i-diwljijl dJj^JLl *!>>*l 

•» » ^< -^y *« » ^y » ~~y «* ♦♦ » »» ^ £. ^^ «. ♦♦ ** ^> ^ * *^»» * ^y •* *♦ » » *♦ 

2jL*_a {£\ (J-Lt-LuJ ^L^>»-I J^^-" -^J^J 4j<j A>) j^iaJ ciJUjlij 2jL*_a (J^3 4JL>» (^^- AjLi^aJ) &J^ JuJl>iJ JuCuuj 

. LJ 4 i^=X ul^=3 dl i^JL>Jl 







^j?ej>» Clul'v 4^Dj^5tILc J) AlblJ £lj_<-u (J^JJ "^J^J Cri ^^^ (<uJL-aJl /^^L^iMj (^011 4Ji J fr^ll (3^- 






. Mi* ^j>l! 4_ji J^l Jl j3 4. Ujl^j 6^=-^ 






. 4jji«,vfti s^u^u j^jlii s jlaXI ^ ^uai - i 



^-pe-tluJI : (JjjJs £>£• till J QJ^~ 'JJ? '^'-^R* ck L *- t -"^ 4-5L>* ^- j jIl^d IjIlJ I SjutXI ^L^J Jl 4-JLJjuaJI L-SJl^j 









. 4-tijjJI J-A>J T'^Lc^ 2l Jl 4-J LjjuaJ U 



/ iSUa 3juj>- 4^Cqjd 4-u^ 4-Sj uL^J 4 J I LuaJ I Cj\ \\ <iC , L_uJL_uJ CjLl^d JLl AjLl^o 1 i^aI/))^" CLjO^ (<UUD 



. rt . 










. L^JLa cJlJlu) (J 1 uLlllo 1 J J-p31j_u^J!j ^X.I^wl!i Juij JuLijj i^yz^elS Cj\ A or 2— ^y^he± 



a 



. (tcJi .... pjj-tl < (^JutXl) 1 $\ or JajjLb *u (j-£J 4 a ri V 1 1 1 ^" o hi I j BjutXl Jl hr I ^jr^jV m/m ^j ^ V m 

: ^-LstuiuJI a C-uj >jJI ol <Ur — £ 



. Ljjjj (j3>UJI) cjLZU! JIjuIu.1 £_* 
. ( ijj2l\ J2J< U«LJI •}*».% ciljUoVI) Sjud! *!>».f 5JLu^ oLLm - o 



: *_loJjJ! a < ^ < n ***) \ I a ( h ih ntl a . \ iu\%\\ cA dor: VaT 

^jJwjj 4Jjp f^r JlJ-4 <j^£- L^J^ Cr^' ^ J 'J ^u-O-caJl 4JLuInj 4_JLSjJLi 3jIj^>JI CjL>*jJ>J 4jjj>iJi J-^IjjlII J^3^ 



-jjj 3jL-<-a]| JlcLLo ^ic ^-^=3^pi>l jL-LiJIj OjJjJIj 7-L-uj j| I uaj| j3|jj . ^J^sGJIj I \ uaJu T JL-Ui^ 4_l^djJLI 



. 4 <^ h V t, 1 ( ^-LkaJuJl ^IJ-^J ^jIuj^JlJ 4-XJUj^^3JI ^j-aJL^iaJLl J-oJU-caJ dJJj JU-iZlJj 









. ro . 









! 



^bjJIuVVlUuJ 




Q = 



A.V 



(jinm J (J_u-aij| aj1s>j^>iJ 4_jjj_<ij| *.LaJLa 4j>^L-<juc - rV 

(mm) A^^iljl^ = d 



V = |ii V2 g h (m/see) 



(m) *U1 jj^ ^UjjI = h 

. ^JiitlLcJLl 4-ljj^JI jla-U L«_u (0.5-0.75) 



V I A^i 1 tiajj jl^jjJj jJu-^t j LLa.3 Lj ^ji^^ (JL^jlL-uu ciJ^L^L-uVI ^pDuiiol JiJj^jj . j La-SJl clx-tpjj ilajLtia 



. rn . 







(1) *Uk d5^u-t 



liUcljjJIuVVljijQl^BJI AJLudjjn^ifrt 

JJIYYT 



I 



^bjjiuvyiujj 




10 



15 



20 25 

(kgfcm 2 ) JoiuAJl 



* 



(Y)J 



JLU 






(V) J^3_tlJi ^_ 7c_t-bj^o i J-i_ljjjl1j ^dL>» 



. rv . 
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(J-LcaiUJ ^dL>» Aj-L2>>i» 4.Lc£> a ?c_t-b oj (T) J. 



u_a 



^1 JxcaiJI - Y 



. TJ^ < ^ti ^c Aj^e-caJ 1 J OjJjJI 4-5ljJj (JJLuxil 1 flg.1 ^^— » *-3jJ 4-t-^L>* 4jjL^-1^d (J-tJLsta (J_u_aiJl ^.La! 



. JA^VI <>* oL^djJLI Jnr«;t J^jlL uj ^1 4.JVI cjL^j^JI ^ L^u (o) J 



u_a 



£-^« 




. rA . 









! 



^bjJIuVVlUuJ 





(0)J 



XXL 






<>a ^^L-uUjJjVl J-Lm.Hl 4- *UI cilMgluil c^^tlj . 4j^mLojjjVI J-Lca.^1 OVT 4JUJI OJJb 4- J^ 



■LloJ 



. 4-l£=>jJJ J^-caii ApUl £>*jJI dJLJjl^sj l£J^' J-Ll^JLj AjjLLc CjIj^c (£~ Y) 



4_j -ijLJI ^J?-^ cJ L^-^-Tt-t-u L> Ij^-ijILcjjjI jl ( jl J-^itXI) ^>L>JI ^L^-SJI ^y* 4 + t^ JL$jlL-uLj LjjJu 

iJj^l 2Mj.-»tl JL*£.I (J] 5_ujiiILi aLc J-^- iSjj AJLjuaJI (_ iLl^c J}L>- ijj^o ^pJI JlAII ii)Ll»g, ^*^ «_Lj 

ijailj sj^-I o>l^j ^ujji jlj*. 4:1 ^^ (1217%) ij^iiii ^Lu^ji j\ 3 (1620%) JjLu u 



• l-^jlj oli^' J^ Jlkr VI ^jSj JUr^l ^r h^jj l^Ur J^ oL^djJLI 



. r<\ . 













. 4-Lflju.La.1, 1 a jaj^-LoJ la 
4-St-pJ ^Li-^-SJjJ LA I jlt-m-a ^dj^juj J^9j 1 j « ^ i j ^ ^)-^ 1 t^aJU JlS-^j O-jP* 4-i£.jJj| 4_ j^lju J I 4_i^dl^=lL>* 2j I 

JLmf <> (12-17%) j aJjVI ^.Lu^JI JLmf <> (25-30%) JjLu U fust&Ulj c^UI c^LU^ jJL3 












.(^l) J^-i Mftl 4- ^-^J-^ 3 J-^ 1 o^i aj^U! £yz jZ 



. t 



» _ 
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a) j 



-i_<J 



(J-^=3 '*"'' ^- 7c_x-bj_a j_& L^3 jILc jJL^d 0, * * * U^ 3 ^dJJ^ *JJ '^V Lr^'J^'J <_)iajL2j! <-^J {£jpUAA (^yS^eJlJ — V 



JL 



. <UuLl^J! Cj 



>j-<i]| CjU-JLju c-llu> j\j1a jLl^d Y\ % ♦ ♦ J^d ^£h" '^ J JL ^ >LLU dL9 



(JjLU-cuJ^ jILc jJLi^D ^ * , * * * ci^ 3 Q^ JJ^^' O^JLH ^"A^J <—J LC j*^_aj I JSiJJlLlo ^- CuJjJt (^^ILctuC ^y^^cJu — £ 



. (c_J i ]~ ))) J^3lA1| 4" £-^>A JJ*> U^=3 JjuLuall ^DjJliJl CaU-jLu C-.J-LU--V jlj^ ^Lt^D 0*/^ J^D 



^ ^ J ^ ^^^ J^ J J^""^ 0, * * * ci^ 3 ^' J^"^ uJ) ^_ 4j?S_i-bjJlt ^-iL>J! JJJ>JL! CJ^Ll^J dcJJjJjJ ^-L^t-LUJ *UJ 



— 



. IjUJw 
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13» ' - ■ 



<^-j^jjil (-iiiJl JJ-^JJ wiLkjaj Cjjj^>jj a i~> m i j»-»f 

. I j«. t^Jukli jju jl^jL£ (50,000) J^=> 




,-aiiJI jj^-ll c£l^J ■>*•* i fi'i 
(50,000) JS V -UVJ J^«3i1 f lt5j »jUII flti ciL-cj cyy>l ^ 

















^j. ^ 










|4*5J! ptMij 5jLii( ^ o5Uoj r; ^^ j o^^ 



(V)J 



XUJ 



^.otu^XI i^=jJt! ^S^U! JUSV! ^UJL^jji^ jlj^ >♦,♦♦• J^^IjjVI J^ LL« c^yi ph - V 



(A) J 



JUJ. 



- it - 
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^bjJIuVVlUuJ 




a i ~v*L"Ul IsUu 





(A) J 



XUJ 



. tr . 
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^bjJIuVVlUuJ 



. ^-pe-tluJIj c1x-4JjIl!I (Jl^-C 2 L^JjJ^I ua_Laj?eij (^) J^-i uJl ?c_t-bjj 



-A 



^*i#j Oj>J( JLu J^lill i jUUI d^U a*3 

O^J *^») V— ^1^ ^ *4jU1 - T 






*i-jiii ^uiij t> ^ui ag, „ t m m 






liltiUjg. 



JjjjlH JUui.. 



yjji *^* o^u-y, 



km* (Month) 










JF^H ****** Oj) 



-fj ^ A U lj C^j^l JUtV ^jjoJi UaJjl l 



<«V)J 



-UJ 






jLiol icj^-i-uj 4j9J ^° (J (8 ' rf J ^" 4 L^L>^p-<-"l icj^-t-uj CjLcjJjlXI d^-i^j *j9j!l1I ^_ Ij^v- ljJLi^=a ^Lcj-uu ^v 3 ^ 






L4-4 Ll^J^ l^r L>^p-<-ul 4 tj j < uj c_-<_<-u L>J L) 4-j Lj-aaJ I 4-jJUju 4-t-^L>iJI oLojJjlXI 'U A~wt ^ k> s cJlj. 



L> 



^JL 



Zf.La^=D ^^3 '^-l^^^J 4-1VI J-s-C ^-iyj Lr^^ »J 4-u-t/LLtj Jli£.IjJLI ^_ 3j.-<^L-tuc 4-^j^aJ 4-JLjjuaJ| J-<^C £y$juaj 



- ££ - 
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^bjJIuVVlUuJ 






UlblUI>a>Vl ;■■»" 2 .-^ III ~ 






- 1 



- V 



4-La-LcuJ ( ^ JL^au ) CjI }lqj a) CjVV! aLjcj^I C-cj-uLuJ Teal vJ Ja^*4 ~ A 
If 



4-LJLC ^J-Lt-LUj 0£.Ll^3j 



tAjLu^aJJ ^JV! c-cLdtiL>J) 5*-a|j>j (JjJLiiJ CjLijL^lj-^ 



Jcoicoil pSjJl ^ JjJjI! L_ 



* LuaJL I ~ I 






_A jlj-^l CIjLJLo - J 



yi... (<jl^,^ji) 0^=11 -j 



^-JLLJ ^J-C daJLjUaJI 4_La_<-ul^J OLcjJjtXI 0jL& (_^C (J J < ^ >« 1 1 J^l L-it-uLfriJl AjL5tlL<-tJL s j^— ' ^ * 



4-JUI Jjljll- V 



jl 5JT J^~* 1 ^H^l (_><are-flJI diLajJU-t, JuL9 (-CjJS ;y_aLJ^j #.LjijI aJlJt" i ir <all (JVI <- < < uLseJJ tt g i uj 



:j> ^lj_> 



SjuJ 



^J 



- ) 



aJlA^^j) (<^j - V 



(a^j^J!) iclj^ll jj^i - V 



- £0 . 
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^bjJIuVVlUuJ 




rr * h> > ^LLaj cjLA^dIj-^ - £ 



c* ^ ♦ 






CjLJUjlJI — ^LoJustlL-Jll jlj-ll JlLa l£>^*' CjLa^LtX ^ Al>Ltl j| Jls^U j| IluiZlU 4-Lpj cr^y ~ ^ 






tpll ^>Vl 



4-JLjjuaJu 4_t-^L>iJI OLJUjlII Ajiio (^j^l CjuLxj (JL>OLj ^ ui-dJ JjJiaj 5^U^wlJI IjlJ *J^~~* ' 3 > ~ £ 



TcJI... cJl_i 



C^yi — (jT ljLa]| J^aJI Jla 



a LkaJLll IjlJ ^J^~ ' ^ jjj (J^-^-^ ' lf.\Ji^=D ^J-C I^La^eJJ iJjIjuJLl jUjlII * ^ A J -^J-^ U^V Ja-^>. ^j^— » q * ~ 



_5C_l 



- oLLJI - £^dlj Sj^>JIj *j^1\ ^>j Ji* L^JI £y>jJ! 6^=-<u ^Ij JjjjJtU g^ljjJI oLa^L^ - 

/ Ll^-cuJJ I 4J2J2J 

(j^c oj^ ^-jLl^JI dJbjJ! (j^n**. - V 



7-^Lc^> VI < ^-i]L^=3LJ (J. 



J / w2-d. 



- £ 



^Lu^JI JLmf 4. ^%hAII ^>i.Vl ^Lu-SVl (>£. u^^J - 



j>^=!>ai ji 5JVI j^ui 4ju=i - 1 



- £1 . 
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V^llLlClII jL^>- — clx-L^pJI aL^ij — fj-*' tiJj^>JLl ^j?c^) oljutXI £-^j 



- V 



Cjlj/r^iljUl j| Ol Judl JU-CllJ - 1 









(** 



XXLi 









^£* 



t£=D 4_u_ 



uj Xo 



o-a 



o^j>^= - f^i ciLijj^A ^^j^j - ciJj^^ - L^I^jL ojjjJIj jVj-coilj oj>V! Jl* 









- £V . 
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^bjJIuVVlUuJ 



autfi 



jLll 



4ji m^h guu 



i^LJUr. jjt£. — ) 



L>° 



♦ * •" 






ICj^ZLA J^D ^^ 



s. * 






^>^y^= °.*** L^'^^h^' ^ J^s^L^'(>^i>^L5>«^^ :; - v o j ' 



_ £A _ 




^ 



A m 






+■» ** * 



♦I; 



♦ ^n 



^IjjJIuVVljuDlj^l ^U^jri^ml 



^stAllj CjjjjJ! J}U* ^ o^V.Vrtlj i^Lu 



^2. 














:5^jjuc ^ji^. IjjL^ l-JjJlUI (JJ^J BJl^jJI £Jl4> Jl o^-il Ju£. 









ISpCCial 1 OOlS 4-^ Li* a j^>- 1 J JJlC _ 4-t-^Liw ^joiJ^Lc _ jL-QiwI 3j^-v| OjjjJLJ 4-illtit-d f-t^l 



:SjtJL^tuLdku 



4^!jjJ! O^l 4-d2j 3 jU ^^ 



- 1<\ - 






jJTYYT 



lull 



^bjJ!uV^lU2j 




Aj^tuljlj CjjJjJI (J^L>» ^j-^ O^^^ uluIj AJLJjuajl 



:A-aJl^-a 



c-^Lill C^jj^l oj^J • <^=>5tlXI *|>*VI <>* JuJutJI ^k. OVVI 4- SjJLiil J^ 4otVifj dJj^JLl l$>^o 



i^Dj^tlJLl ^Ij^VI ^J^sGj l_2j-<-uj dJj^>JLl SjJlS ^° Ih^^^ 3 ^H 3 -^ 3 ^l>^ ^tl^i";^Vt cflLglLcuJ L_3j-<-a3 



4-t-rjL^^LjJLl ^.|j^2l £j\J ( alaJ * J < "J^" 1 ^-^3^' Lr^y ' c1Jl^3lL>^VI Jj'^" Jl 4^Lco 2UJ . *_J^_u (JjL*-4-J 






OjJl^ jjI^IjJ C-4-ljijJ *_t-blj-a rtjb) tc-Jsjj ( ) ) J^-i mi. <U£.!jjJI CjWIj Cj I jj!l^3 [pJ I j CjL^djj?c-<JJ 



OTHER POSSIBLE 
LUBRICATION POINTS 
Steering Reservoirs <t-^ ^i\ cicj} cj\ 
Brake Reservoirs Jj«l.>AJl«^"Jj tj'J^ 
Final Drive Reservoirs c^ 1 ^ 11 Ji^l 1 ^ <J> 
Starter Bearings i:=>*JI ^jLj^^^I 
Generator Bearings J-1>AI <= rJ "' 1 
Distributor Cam tii^ 1 ^L^ 3 
Water Pump Bearings f UI 
Steering Li nkage <l^>JI c^M^j 

HITCH- 

f L" - t l Multipurpose 



TRANSMISSION-HYDRAULIC 
OIL FILTER- 

Replaceable Element 



AIR CLEANER 

(If Oil Type)- 
Engine Oil 



REAR 
AXLES- 


f 


Multipurpose 




Grease 




f»*»- "■) 5_j-iL>J) jjLsJ 


■ 


((jlsl^^i-Vl jjulIj 






FRONT 
AXLE- 

Multipurpose 
Grease 

FRONT 
WHEELS- 

Mul tipurpose 
Grease 



TRANSMISSION-HYDRAULIC SYSTEM- 

( _j J3 U- cijj Special Oil ( Ld-Jjjjujjb- ZjSZl\ Jii) 



WHEEL BEARINGS- 
Wheel Bearing Grease 

Lubrication Points On A Typical Modern Tractor 



0)J 



jULi 



^jjjJI J^ij . n&\ fi\js>.\ c^iyl (fixed oils) tbliil ojjjJI c^j^i^I < Jj>i^( ci)l rV<^il JjS 



^1 A-ajJulII OjjjJ! £y* OLljj^J] Cr< J^Jt]| 4_4_JLiJI CcJfcj^a I 4 Jj>4^l L^Li^al Juuj . (^JjJkJI CuJj 



. aL>j| da-ill I ^j-^ 3 PTJ^^ 



LcuJ 



_ 



» _ 






jJTYYT 



lull 



^bjJ!uV^lU2j 




Crude Oil and Refining ^j^asilj ^UJI cLa: 



XJ 






^j 



.-^-" 



_s^$J) 



Here 




i 



.UJlc 



CRUDE 




CRUDE 
OIL 
(DISTIL^ 

LATION 






J 



GAS>^ 



Straight Run 
GASOLINE ^ J * 



KEROSENE <*-jw^ 



LIGHT FUEL 
OIL 




HEATER 

(jl_3Sj-aJl 



I REDUCED ^ 
CRUDE OIL 




VACUUM 
DISTIL- 
LATION 



FUEL 
OIL 

■ * ■* 

LIGHT 
HEAVY 



^ 



...*-~ 



[DISTILLED 

LUBE 

OIL 




tr 



HEATER u^-Ji 



DEWAXING 
PLANT 



COLD 
SETTLING PLANT 

* 

PETROLATUM 



EXTRA HEAVY 
RESIDUAL STOCK 
* 



DEASPHALTING 
PLANT 

— * 

ASPHALT cJA-i 



T 



WAX t*^ 



SOLVENT 
EXTRACTION 

and/or 

TREATING 



r 



- 



FILTERING 



L 



T 



POOR STABILITY AND 
LOW V. I COMPONENTS 



REMAINING IMPURITIES 

AND SOME 

COLOR BODIES 



IJj^iJI £JLa S^A^JI *JLa 



Lubricating Oil Refining Process 



STOCK 




(Y)J 



JLXJ 



L$-& aL>J! Ua-iiJt (jj$ ^Llu-UJ (J^LCJJ rfUk! . aL>J! Lka^llH J JU ^ 1 ULp 4_AJjUtit CjJJjJLJ ^Jj^>J! < ■ U^=3pJ| J^^j 

(paraffin based) ^LuVl u^l>^l aUJI <U^tlj (naphthalene based) ^L/V) ^liij ^ UJI tkiUI 



I- ^H^J^JJ^I ^J^' LT^ J>^^ Cr^' O^' (^j^S)j jMf^-il fUJ fU . \jJ==oJtJ c uy*°LK 



. ^^jjJI ^LuVl Ol J C^jj^l oL^djJL i^jjiil <>a ^^ l£^' 



- M - 






jJTYYT 



lull 



^bjJ!uV^lU2j 




La < ujj 1. 1 Jl -j >> A ^ # 1 1 ^u ^jljlu y Vlj i^jjJ J-^uuc CjIj C-4-ljjJ <— >J;j3 i* J ' * ^" ^ ^jkA*t) -^J-^ f*«-*-s 



^t-L<-OJ 



x_dJjJj Jl < La < ujj 1. 1 ^U Lc ^jljlu i^jjJ J-^uuc Cj\ J <— >J;j3 i* J ' ' ^ ^ AJiitlLcalL^ 4 ^Lti^ I jwjJ I CjLl^djJLI Lot 






t^Jfc OLlu^JI £Jl& ji L4^ 5-ijLd (J^3 (JjJjuc (J^Liw ^ys 



jl^.tl 



V^/ ^Ij^iLi er^>^' uj>" 



- ^ 






.^Jtu_uuJl 4_>. )J ~ V 



cAh*^ " 



OU-£tLL-u VI 4-lcuJ (^^J-C (Jj^» (jJ-<-uj!jJ^D 






. oy . 







tOj^tl jUjJI ~ ^V 



6 -£ 



4jjIL>iJ La 4_u-aJ (J7 1^. Jjy: CjLsL-bl ^ji^. (^j!L>JLl /*-tL*Jl! <^-UjJLJ .Lti^ VjJJla J <a tialj V: ^^JLiJI C-cjjJLJ 



C<Jj a I jj>* / Ju I JJ (3^e-4 4-JL^=l! I 4_Js j-<^>J ! - W 

. CuJj *W>» / JU I (3^0 ^JJ t^aJLJ I 4_t-b J^J>J I - 1 A 

CtJj ^j>» / Ju I aszjQ ^jj uaJU I J-^C 4_t-b j^j>J I - ) a 



- :4jl^-if| 4-^j^j>JI cjVjJjlo 



aJLjl^ 4jjU-^3 jIj-a ^ CujjJI 4jjIj>o U ^LlIa f^jt : oLsL^I ^^ ^jl>JLl 7ciL«Jll <^>St 4- 



Lm^ (^jl^LUI (jAtl jIjlS! ^j-uLlLc ^^ cu) r^>- / Ju I jj *j?e^ (4-JL^=JI 4jj.HH) 4_JL^=JI ajJlcLUI - Y* 

. ^JjJLcdjJ 1 £yz C-L^a ijjJuuc c-tJij-tl/ j! aJul^ jIj-4 £)-£ CtJjJ! 4jjIL>iJ 

- :3Jj]jlo 



: 5_oVI ciWjJI . aL ^/.l^tl JJLJiUI juu oLsL^t ^ ^jl»JLl 5JUJLI tr^jJ! 'i- - T . 
- : ojVI ^VU^V! J^= jt ^1 jf j^l jjfi. Jju I jojui, 4jl^-,tl 5jj^U]| ^Uio! 0^= I M ♦ 



* T «« * * * * 



5C_t 



1 c 1 A" 1 1 a| c,<-l<-u>IL1L 4jaLm^=l1I CjL^Lis^?l JlS^ 



. or . 







oVUl^VI J^= jl (^1 jl JL^I ^^ Jju - : cT-t-JjJLJ Sjl^mtl 4jJt£.U]| 4- c;^ Jt>4^ ^"^ (^ 'M * 



. J>jJiTt4 ^jJuuc J^aG j I (^j^j CJjJl^ 



aJi^JL^o 4-uuuuu /^>»jL>» jjLua.^ ^j-^ ^ j^~ — * j >1 ^-^ ji a c—tj I j-t-ItJ dJ^JL) 

< La j < gj J Jul4-i 3 Jutil ^jJula ^j-a ^cLij 



.:4-uV!cjVLm^V! J^=j!^! j| o*.i ^ Jju c^jjJI 4. U^=JI ootUJI 4. Jujui c-Lajjl oj^ Ijl * 









t>^= J->^> c^- 1 ^ <Xh> J 1 <J^= G 
.(jjjLS (Jjuuw a Jl«JL! (jJL*-a (_|c.Laj 



i*j>JI 4^j>J 



.Jjlj-caJl £—. 4-LJt.ula 4?tts*> (—Jb 4j>*J)jJj| 

^ic Jl^Iaj Jj>^I <^-^ (J- 43 ^dL>^ (J^ 3 J L^-^^f^ 4r ^J^lLuJLI jL^j>J1 c,ll(l> <J-°W^ c - ^^*J W ^>*JL>^ 

- t^^L^^j .^jji] j^slll cJjjj^O] 



^ji^, tPiuJI L£j^jj VISCOSIMETER 4_^=_pUi^=J! a^jUI ^L^ jl^. 

(V) j^ui j^LCENTISTOKE 



- ot - 






jJlYYT 









j 


r 




(V)J 



u-u 



.4_uis 52! 4_LOL>Jt ujG Cuj>iJ 4^o )j>ii\ I ys>» Ajulsuz 



4_ulj 1\Y Mia ^jLca3 ii]jl^ L3 li^ 1 • <j! L^ t^ crk^ 1 J*^ 1 U^=? ^^.nl^M^tl i^jUl Jl 

♦* »♦ ♦* «* 

i^jj TV,A) 2_ aj^Lc i^jj ^ * * Ju^. L^-LduLS ^i^. tJLUjloI (>^=lJ SjIj^ i>j^ L^l J^£. ^123 c^jjJI ^jj^ j 

Jl^^j ^j ( a Aj^j-^ ^^J-^ aA,*1) ^— ^dL^"^ 1 ^O^ ^ * J' ^ A ^dL^ 3 ^O^ ^ * ' ^r ^d3^ ^O^ ^ ^^ J' ( A ^dL^"^ 3 
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jJiYYT 







(i)J^^jJ^! 
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iZjjj) Jjt/i Jaj jl (j ^ q j 4JXJJU1 J J^La Ojj 



A Multi-Viscosity Oil Can Replace Several 
Single-Viscosity OiJs (When Recommended) 



(DJ 



-i-U 



i^JjJul ^j-dLlS jIj^=lJ (^^iC icLLu^JI qjjJj2 *L>*JjJ ^j-oLlSJ (jj^jl) ^JLulII q cU-lSjJI A^J-A 4-Sj^Ls Ju^ILftJ J 






>VY- <\,V £,A- Y,£ - VY 4 l,„l,„ tl SJuk os^i ^1 is^l ^b^l s^>£]1 J^l^ 



. I JL^3 A J ciJ jlL-u C-J-t 



JJ 



- r*v,Y- ^or.v V1,A - YA,£ 



- Y-V- >0£- VV- YA- U- )-- 0- Y- > 



4-caLcaJ I f i * gaJ ^-^bLjjJl c_- tJjJSjJU J 






. «1 . 







VISCOSITY INDEX i^ui J.L^ 

«L>.jJ J_l_: CjJJJI 4_*.j}^J ^jjj <>l>-j1 L>— ^ l)1 .3 ' " ' fl ^ 'J'V ' "" J-l_: 4_vj)^Jj| SjL>-J _L. j-ljA1'l! 1 i La ■ ua_ ^ j_b 

. <L*_uj_LI 4jj!j__ 

J = p ° )' • ____ <CL>.j3Jj £ * J = ^ °£ * jiic c^p\ i>.j3J ^L^= l_L_. 

(WJ-i-J) 

(WJ-i'J) 



_________________ x^_ a_^.^3_J| J^L-a £_u_aj ^1-JLiJ 

ASTM — 3742 4_>^jJ_! <J-~__t. ij__Lj__! i_j^J__Li 4_^jJL!l _Ul__a j^--2_ *_bj 



Vo {y> JSl 4_*_0_ ^.jj _-U~--JI iA-*M ^' 

^ * J Vo U^ ^JJ^I ^^J-> £j!>^ <W-^-l ^Judl cicjjJI 
(jjju (_£| 4_4Jt-Li___> 3jjju__j ^-x___t__! Ji_?fc_= ) * (_^C' ^*JL>^ ^Tt-i_aij-j ^jJl»_x3 <-^j -^"J^ V 4jLj LqJLc 



__L 4_L_q_L_> 4_U qj >__=_? aJL_uL-u Li /-jJI 4 M l_-_jlH __lqJJ /*>_£ 4_.L-.oJ C-<J vll Ccd ( c___> T lit L$J_4J 4 ul I p L__=3 Cj^>liw|ju 

oim>£t\ ^b ■»!■ " « J 1 * COPOLYMERS (j^^j^^I) c _*___ ^l% l^l^>v v.^H h 



ISOBUTADIENE ^_l3^_n_Vl __!>*___* ,1 ISOPRYNE 
VISCOSITY MULTIGRADTION 4_-j_>l!l ____. i___l_~ _wp! _±_ i_U_J! *__» c ___! 



J>jjL>iJ! ^y 3 ^^ ^^^3^ ^J ^* Ji J-^^J ^ * * O-^J^^ 3 ' ^*JLP J-^^*^ ^^J-^^ JJulLc C-cJjJI 7r-.Li__> jj 

JJuu_c CuJjJI 7c-Lt___j^ Y ♦ ♦ ^ ji_=l (J I J-t-^jJ ^ * * /\ * ^^J i-uJudl ^—>J£pl ^JJ^ J- 4 -^ 4_pt_i-____J I 

♦ / ) ♦ 4->.jJi jf 1 * / ^ * 4_>*J-* jT V * / ) * <^J-i 

j»jjl_>_j j^UIj 4_^jJlJI (_^_-Uwl <-^>JI o^ j-^j^ ^—^j-^ ---J 1 -^ 3 ^ ^j-^I c^-iL^f • o^j3-^ u^ 4_L_bL_JLlj 



- oV - 






jJlYYT 










J nj^J^J^"^ 11) *L>*J)jJl1I J-^Ljuc *-3j 3 jLc ^j-^ C-tJjJI 4l^-t-bjJ La dJJji^Dj 



(0) J^uljJ^l 



5W-2D 



20- 



WARM ENGINE 




COLD ENGINE 







100 



OIL TEMPERATURE "F.) 



(o)J 



JLM 



: oU*jjJI JJl£Lo C^JJJI CiUi^ 
4-JLlJI 4-laI JLitluiVI CiUi^tl CjU* 5 jJI JJulLa OjUI < cuiI^an 






. oA - 







ASHING ju^il! 



Bj^uiLuc ^jlj^uJ CjIjIj^>iJ jl 4 Sj^u-^ CjISjI (J^li^ BjuJui CjIjIj^J ^dj^juJI Ju£. CtJjJLJ Ju-^pJI CJJl>uj 



. L^-JL^D jl LpaJt Lb j! LjIjjv. x-Jij-uA 1 j^l^-llU ^pDj^uJI JlIc CtJjJI ^- Ju_apJI CjJl>uJ ^j! ^j^~ ' ^ j 



. (£Ljj|) u^ CATALST 

(4 L^=a 1 *1^— » «t I c^J 1 Q-coJ 1 ) ^ct-ul a yll 4-u-oJ dju\ 



A-JL^aJI 4_t-bj-<^>iJi S-iUj 



: 4-pVI O^LoLm JuJustlb <^J>1J Ju_apJI (J-^LSj <j\ J ^3 gjj 



VISCOSITY RATIO jl^iji ^^ J-L~ - ^ 






CO AKING COEFFICIENT «4 ii ^uij^L^- y 









: LfJj^^=3 II J-^uucj *L>*j)jJLJI 4-j-cuJ J-^uuc pLijjl O VjJjuc 



CtjjJI c-4-i^DjJ 4_ 4-<LtiL>iJI oLj^^=lXI J^!^** 



CtJjJI Cju^s^ Q^-j ^r (j-^-SJJ! CjLu ^pDLii>iJ 



- 0^ . 






jJTYYT 



lull 



^bjJ!uV^lU2j 




. c^J! JLl JJLioll JU^I sjLj 



^^LkJI 4- V c^J^I ciJL^l^V! o>ULui 3j>L) 



<^k, aJU J^= ^_ (^M^Hlj 4_u^LUI i^jjiil o-p. ^ aJU J^=J l-^uLlII ci<jjJI jL^I ^-i-bg !ju*> 






3 JutXI 4^=3 jj>. icj^-uj <^-*£>i] 4 jj Lta 1 . 1 i^jjJLJI £fU 



xxi 






BJulXLj L^LjjJ ^jL>iJI ♦ La-SJJ 4-ij-uJlLJI jLjuVIj CtJjJLJ 4 jj LLa 1 . 1 <L>*jjJLJI ^u ^JjJsa l-cj-uLlj Jl^jj 



C<Jjj| (Jjj>iJ ^^>* * j^^Ll 4_u-alllj L^Jl>»! ciJj^5tjJ (j-i Sjl^^Lj a £j\^j^jlu £f\J CtJjjl ^j-^ (jfc^J ■ " tC< ?~ L ^ i 3 






- 1 



» _ 






jJiYYT 










I OIL FILM 

REDUCES 
FRICTION 
AND WEAR 



2 oil cools 
moving parts 




OIL HELPS THE 
RINGS TO SEAL 



*» E» » ■ 



4 OIL CLEANSES THE PARTS 



What An Engine Oil Ml <^!>N LJLjLkj 



a) j 



JUJ 



^J^sG *J^_l3 L^juajtaJ •*■ La t oVI LJJL^auL^I (JJJ (Jj^J O^f^o i^Dj^tlJLl ^.|jj>* j| ^-<^>- C-CjiJijIb C-tJj^l AJ-2j 



. ( *tl^i~^\l t 4-5t_pj a sj^Ati BjJlSJ! £yz JJLSji^ L^>*j-La. 



LJJ 



: ju^I - Y 
<j!>=- J! U^di iitiflftXI ^J^*J.I *!>»•! <>° Sjlj^JI q^"oj C^jjJI o^ '■^i)^' *A^ J! <&L"»)?Ij 

tdli ^^j 4 4j .u^ti ^|^j| J] LiU MalJ c*j)JI <j-« Sjlj^JI ojjjli *Lc>JI ^^Uj i±-p» c^jpl («-Lcj) 



■iH* J^L*^ 3 t:: *£3 : ^ <=*i) J 1 ^' d^ 3 -"" 



: ^ l^^ Vlj cii^JI - V 






. *n . 










dUjl^3j 4 jUJI L4JU UJj^-tUJ j£ L ^tJ| aJL^JlJI Cjl^JJtiU! £-Juv>* CuJjJI 4-LlU >L*JJ (ajLaU LL^J L^>LtiwVI 



: oLaj^tl pj>j - t 

^-oLu^ILal ^ic oJufc CtJjJI CjLS-lLs J^juj 4-lxuc^LjJLI ^jJulXI fj La < u ^U CtJjJI ^j-^ 3 ^ ^J A J 4-2-lLs jlj-<CLt-uU 

: ( a Ja-illl - 
<L*_a UU^JJ ^J^X' J^'-i UJ^"" c^' i£>^ ^ujJlJI ->b^ <>* ^J^J o^Jj^ntl c2jL5jJ^o C^jjJI ckilio 

: jJjUl Oj^ 4 UjJjIjj c^tyi i^^JJI 

: ^Ju La ^ajL^aj>J! ^>JlA 
Lafc i^jjJuu nj * ^ 2 1 1 j 4 ^nVtl (JjjLcIuJ I (Jtj^^l ^- 4lL>^jjJ i^jju Ul A^^VI ^i^, BjJlSJL! CuJjJLJ j&^aj ^jl 



JjL>iJ (^P-5t (J-& CuJjJ! ^>^JjJj • L^-^AjJ 4_U_alJLj ^^-O^"^ Jr * ^ »' 4>JLA dJj^tltJ ^J) JLJJU£. C_<J>iJJ jjj>JL!j 



Lua^fclXI SjIjjjJI ^Ujj ^_ l^njom QJ^J U^ J^^! ^ ^dLh 5 ' U^ 'V 3^^' U 1 ^^J^! c^' ^34 



01 



^^• | ubi- 5 ^3^= J! is±$i i£^\ j- 4 ^ 1 

4_u_aj J^j ^JLlJuj dJ^>JLt BjIjj^ ^^J-^ p*-^J' P-a (3!>-^^-^ \)il^~^ 4_ajlJLa C^jjjIlJ! <^^3^ UU^^J (J' S- 4 ^!^ 



^ I Ju_o^dL1JI |ju4> (^-ijJ^ 4jjIj^^ i>J^ f-^Hp LaJu^. 4J CjJl>iJ ^yJI jLca^=>LlJI 4-.lIoX. Cuj)J! ajL2j ^jl 4-^>o 

. ^JijJ! CjIj^o-4 j|ju_aj| (^i^- J-a-*J ^L9-^J ^^ ULD^^ 1 " 



. nr . 










^^iI^Hj J-dljJti! 0JlJ 4-s^p-> • l£>^ ' L-cl^Ijj (j^^aujj C-ujjIlII CjjjjJ 3 Ju-o^d 2 1 <j-^*j CjJl>iJ Ju9 dJJji^Dj 









^pJI cjL^L-b VI (j-$ju 4-Sj^laJI (j g^bj . aJj^-coj ^Liil l^Jj^jj J <^at<a ^aj^ULu Sj>^>*jJll BjIjlSJu da.* 












- : jL^stiil a^LcI oL^Li* 






.4j^j ^j-Lrirw) ^ic 4lL^-ilaj ^-^^ c>-^ ^^iP^ O^ 3 -^ ^-^P^ ii^3U0-4 i^jj (J^^ ^"JJ^^ 



. nr . 







4-ijlj^pJI ojjjJI ^ >L^= 6^ i>^ odi>^' crj-^j^l 0-* l£^ Zj' j ^' 0-* lU^ U^ BjIjVI <j1 U^i IjjLj 



4-ijJulXI OjjjJI ^C 4 Jj Lta 1 , I ilf-*-tl C-.cLr.uJl ilaJL>. (JJJ-^ (j^ '"^^—j^-o^ 4-ljJulXI CjjJjJI 7:^1 *UJ 

MASTER oLkUJI *jjt l ^cujj < aj^JLU! ^jjJLtl ol>jj Lr k*lJ j^djJI ^L_u ^L/VI 



^LuL^i^JI oLsLisVI ^ SjjjLSta l^LLc^I £>* SjjjLSta oLu^a L^JI t h\ tJaJ *u 4 BLENDS 

MECHAMICAL ^u^l^L^u^ *tal oL^-c^j bjjjls^ ^l^i. ^j^P' ^^ s J '- ca ^= D ^ 4-aj}UI 
Cy* jjls ^ j^ti v* A^jjJ a^jj ^ ojjjJI *l^l c r c^j J PERFORMANCE LEVEL 
LUBRICACITY 4^Lyp ^1^ *mi ^L^l c^jjJI v La ^V cijji^ ddl^ ^L/VI c^jJI 



CJJJJ (J-* ^JiP' ^ t - L4> ^— >1 t^l^ JJ^" Jl L?tij OJ^=DjX\ CjJJ^JLl i?cIuJLl CjL^JJ-tlJI (J^AJ (J) VI J-t-^1 



4-iL^3LJJl ^^^^ Jllo-Sj cJJjTLt-t/ ClcJJjwul A I J^ljLuj I (JJ-i 4j>»J)jJ jIL^sl *_a 4j>»J)jJji ^ La < uqj ^ 4_4JJula 4_U-uL_u| 

CtjjJI cjI Ai^ljt L^Lb ^^-cuj Ijla (jl VI 4 ^jL5tILciJLl A-u-uL-uVI cjjjjJI ^jjj^c ^jiajLa ^t\l ^ ( ..I jf 



OjJjJI 4>JuJ ^JjUaJI A I jL5t!Lcd^U » J l^> t Lj f-f^JUAl I JlAj 
J$* a> Cr^J (<UtJfc-LtuJ I J cIx-lJijIlII Ll^jJj-L^=lJ oLJUjl! 4-cdjLJLl 4-JLLjlJI oLoj-JI fjb) CuJu£u>.\ ) Wt Auluu (jj^J 
jljJLl <j-uLij3 ^jJtj SAE ^j^-ijijwcVI (^-cdjLL^XI 4-ljl^j API ^^-ijijwcVlj IP ^UaJ^LlI Jj>Ll! 

- 1£ - 






jJlYYT 







J^J^UJI Ujlj^ OjJl^Tj (V) J^n A jJ^l i il^auUUjLA ^j! Ju ^ d^w < ASTM JU^ajj^Vl 



^ 




s*£? 



apf? 



*//. 




Confused About Oil Ratings 



(v)j 



XJJ 



Iju&aX\ 4-JLLjlJI ollijjl U>jJl^: 






WSl 4^u 



L^ lfr+- L < ^ 



>jj^-<JJ 4-ujulXI cjjjjJI ^.Iji oL^IL-JL 






(S) >jJ! iulil! ^j^>a! c.jUr tj ^jU^I Jj^i^VI c^lj ^1 COMMERCIALUL^ 

(^l^=jl) j!>>U ^^AJ! J jLki^V! cil i J\ SURVICE UL^j 



. no . 






JJIYYT 



full 



?bttljjll2yiHU23 




<L*UJI JjjjJ! cVT ^[^=,js*X ^jjj i^L^-j CA,CB,CC,CD - cilSAJI Jl © ^j^>JU f^3 

ojl^Ij iiili oj^) SA , SB , SF , SC SD , SE ,(SF) olSnJ! Jj (S) a^^^x\ ^z 

Ollijjl Oj^jo? Ju3j ljufc . i La 5^ (>♦) J } oL^j^wU A-uJudl ^J£>1J ^jlcu-^s (WO jLal^I : ifcLti 

J* J* 

4-iJjutXI OjJjJI 4jUr ( J-^-cuJ IL. IjuJi^ IjW" 1 - 1 ! ^Vi 4JL<-u aLjlJ! <j-oi2J IL. 4-ttLaJI 4-0^jJji^=LJ. 






. dVVI ^^juL-o 4-it^jJ c-.<-hl>> (Jj^jJI CjL^djj^-A <§_ 



J ^llll j^pll oL^j^wl! 2LuJLaXI ^JJjJI u ^i nl^a-JLl ^IjVl (^jTllu.1 ^ <jf c^y I^J 



^Jfc CjUjIluJLI £JL&J 4-uLl^-j^3 H CJU^^aJJ ^V 3 ' jj ' '"^""J Cr^ ^^ =3 4 J '-^ :3 4^' *'•") C->UoILcu-^ U 



■<-<-a. 



(CA / SB) 
(CB / SC) 
(CC / SD) 
(CC / SC) 
(CC / SE) 
(CD / SE) 
(CD / SF) 



•A 



- :^^= 



x 



x 



X 



X 



X 



X 



X 



=*p 



^JJ 



^JJ 



=*p 



^ 



^JJ 



^JJ 



L*i 



t*i 



t*i 



L*i 



L*i 



t*i 



t*i 



LltJUO 



Ll<JU0 



lkjuo 



lkjuo 



lkjuo 



h.<juo 



L(.<juO 



- ^ 



- Y 



- X 



- I 



- o 



- 1 



- V 



4.1 iu (JjJ9 /".'.l^— <jl Juu (V) ,J! 4_i^3_jJL^3_(Xlj 4_t>.aJai^alJI 4_p»ll!l £ya CjjjVJI CjLj£.aj J '^"^ I JJba 



(T) « (Y) t (>)^j^TUj^lci J j>JI £ il»oLp*^V J ^4-J ' 0V>) UV£ 



_ \1 _ 







AGRICULTURAL MACHINARY INTERNAL COMLUSTION ENGINES 

AND SULSIDERY APPLICATIONS 

- : 5-^pj ciJj^JU ^jJLl JuIj J-$->. 



: L-f-LmJ BJulaJJ 4-tu-uL-u 2 I 4^djj?cjJ *LojLLo ♦}♦ 









* * * 



i^DJ^Jl ^.L(Jl 3 JUtXI <§_ ^.Ij^V ^^-IjtjjjLlA (J-Lt-LdJ ♦}♦ 



: ^L La J^= jI^^ju jl ^ijla^jjw) ^Ij^l^c^j^Lil SjjJjciJj^l^CxjjpIl BjjJ JLu^ 



4J J J =3 1 1 ^JJULU2>+X+ 



J* 



CD / SE jt CD / SD ^ji^JLl cili ^jj>ji Jj^J (^u^iu^ < jsVl ^CC /SD ^n l ^.U 

jL>ij| JTLc 4_JLut]| CjLLiJ! (J^JLJ CjLu^OjUJ LS-Jo ^j-uJ^jJ! CJJJ^J ijL^L>J! fljil CjU^TLLrjL^J cjLLloIjJLIj 

d~p> < l^j^i (ASLE) Cy ^=u L> ^Vl c^upl ^^cju^ jUJI j! (AGMA) j^sj^Vi o-^I ^L^ 







^UJI j^ai oLL^ j? WICHELF CLATHRATE Jb^Vlj CINNCINNATIE 
cdiij .... >jJL utu ^^ai SOLAR HYDREULIC INSTITUTE^ V.) c.L^Jjjju^iJ 

- : ^ u CD / SE jt CD / SD jT CC / SD ^= jJI ^L. ol^^ai 



LJjLju Lc jl IP 146 * Jj^ILlJI jl^aX i_JlL*JI i_u_uLt2Jl 4 2jj U 1 1 Is «U ^j^LlUI ^jLcj 4_ajL2_a jLliwI jLi^l 

I Jl>* 4-L^jLgeilX I J 4JU2JjJJ 2j!j^>J! CjL^jJ ( 2Juitt.a JulC 4jl<2Jj^ (JL^j^ 2 ^Poj^uJ! JulC CjLuJ! jLlLSwI 

5^U ^^jl^ jl^ SHEAR STABILITY ^^1 ^L3 jL^I 

3 }l v>JI CjL>* o < 2JbitjC Ju^. v<jGJI 4_uL?t3 — I 
ajlj^^Jl CjL^jJ cJlLl?sj<3 JlLc j^Qj! 4 • La 2j a — ?^ 

j»U^~,tl — j 

4-dJTiJeJlt ejlj^>JI CjL>-jJ JlLcj 4_2jLi]I (JLaJv^l ( allied Jiic ciUjij 

Lc (JliXI (J-L.H.U ^i^-j j^jGJI 4_lJLcj 4 ' ^> < ^> sell a 4_t^3L_uL^3L ; p3 cjLlIcL^ L^^ L^jLiij Lcj 4_t£.ljjJI cjL^dj^>JLI 
<2JL^ CD /SE ^JlUJI ^jlcJlL. «iw3 c^iJI cjjjp LdUJI jiLuj3L^= teayiul (T02) jLsiVI - I 



JHON DEAR ^ ^ c>3~ <^=j-^ (JD 6117) jL^V! - c_ 



_ 1A _ 







(MF jLi^V! Jl. MASSEY FURGESSON '^=^jJ^\ 6j-^j^ o-L* ^=>^ ^b^ 1 - £ 
Ja*i^l 6^*J MULTIPURPOSE MJLILITY a ,^,-, 1 ^,1 1 slxU! 2. ^U j^,V1 ^ 



4j^-ijtjjjLxJ) CjI ojo uajJlj Sj^^VIj SJulXLj 4-illL?eJLl (ju/j^pJI (JjjLu-^j dJj.->JLl £yz (J^ 3 4r ^^li ^-^3 



(>j CLUTCH BRAKE ^/.t^t i ^j| ^ ^l^ |jj j^i^i 4. ^ij^ =3 < j judL s j^jJU 
(UEO) UNIVERSAL 5JILJ! oljl^l ojj) ^L ,>IjaVi sjjulHI ojj>!! *ju* ^ 



1 ljLd> 



jJI U1L, ^l^Su diJ ij ENGINE OILS 
MISCELLANEOUS INDUSTRIAL OILS 

4_4jlJLo CjL^Lus] (£$jljj ^y^jL^U V 4J-L»_d oL>*JjJL) Ja-^ 2 1 4jJl*_4 qjjJj2 dJ^-J^ ^-^J * ^P^" L>"JLH ^Ji) 

RUST OXIDATION ^i^ji ^ 



4-4*-* °^JJ^ O^OH °J£> Lr^J : SJ-ta^sVl 4_*jLlaj fj^aJI odL* i = 3 *U* (R / 0) o^J^J Ojj) 



C-cJjJI 3Ju-o^d2 4-4jlJLoj ^jJulXI iJul^JJ 4-^jLLc ^jjwjj (^jLc.jJJ 4juLc 4-uLl^-x^3 OLsL-bl j<ji^ 



jj 



fujj oLcj^oil jii i l ^ lkjLH ^jjj 4- ^^tlojj ^j < (icj^oil ^^iiw ^j^j) aj^JI o-"j>J ^ji; 



jj-<L_uj-i]| jl ^oLc^>jJl OLuIl^uj BJu-o^d^LJ 4-^jLS-AJ IJlu^J! Ju-b ^jj^ij (^jLCjJu 4juLc 4-xjLi^-i^d 

TIMKEN 4%>l=u sjl^j ro ^I^J ^LA\ jj^il Joji.^ti j*^; ^^u. oj>jlj s....^ti ^,^,1,1 

OK LOAD 

o!j> 4-ii^lj^ 4-Lijuu3 ojj) ^^j EXTREME PRESSURE OILS d* • < & ^^^? o-^jj^ °j£; 



. n^ . 






jJTYYT 



lull 



^bjJ!uV^lU2j 




4-iJLlI^U ^Ij-^J 3Ju-o^d2IJ IJlu^JJ ^LojlJLoj ^jLC-jJI Ju-b 4-xjLj^-j^j OL^Lcbj (^jIL>iJ 4-4^-4 CjL^JjJ 



CcJjJI uLu^dV aj^UI jJlSJu 4 < La j LtiaJI J^>iJ 4-u-^Liw CjjjjJI £Jl& l_ 



( < "*— 3 j 



4J^-L^3UC Ajj J d < Uji 



LJLLc <j^p-5l c jjjj ^-x-lSjj ^IjU 4-0I4XI 4-JLLa]| 0LI1JI 



^jjj CjVLv « rthU, Sj^j^ ^jLLa ^L UjSj (MIL -) ^aj^aVl 5jj^U 4_dA]| Sjb^ljASLE 



MIL- 


AGMA 


ASLE 


KG/Cm2 


1 ^; <^'l 


— 


AGMA1 


GL1 


<15 




L-17300 


AGMA2 


GL2 


R/O 


O-JLH ^ " Y 


L-16381 


AGMA3 


GL3 


R/O 


J di^ A O u JLH«^j 


L-2 1 05 
L-2/05B 
L-2/05C 


AGMA4 
AGMA5 
AGMA6 


GL4 
GL5 
GL6 




E.P: (jo-xH *=*£) 
YW0- 1 

<_>Y> ♦ — 1_> 

* * 



U* jl V jl A0 j| A' j| V0 jl V' is-jjJ ^>.jJli 4-illsttl oLt^jJllj JiUI CjIjjw (j^J>J Cjjj) ^Uoj 
LLlL aI Jukl^VI 4_ Lfcul U^si (>^=J ) t ' /AOjf U • /A • t^UjjJ! JJuOa /\ Yo ♦ jf U ♦ jt 

cjjjj prLlJl ajjj I Juk < H * /Ao < Yo * 4 >£ * < "\ * 4^-jJu o-°_lH ^Jd) (y 4 j'-^" 4- ^Jbuill ' aj^ialJ 
l pi«. VY gU^Lm) (ISO) ^UJI ^^LtZai ^uk f LkJd UJs 4^12^1 ciLu^aUj c#V ^-jpil 



(^-i-blJjJI C-cJjJSjJI *_<0 A i* Ju^. 



(JLllo 



( ^ ) JjJ^* -o^pil c k^ - ^ 



- V 



* _ 






jJ?YYT 







SAE 



Viscosity 
Number 



75 



80 



90 



1 



250 



Viscosity Range, Saybolt Universal. 

Seconds 



AT 0*F. 



Min. 



15,000 (a) 



15,000 



100,000 



AT 2fO*F. 






75 



120 



200 



0)Jjj^ 



120(b) 



200 



. v> . 






jJTYYT 



lull 



^bjJ!uV^lU2j 




tA-^-Jjj^JlOjJjJl 



^j-ujL^j 4_^3lJjijJlxJi d n *y o < gall 1 1 < kLL^jC ^_ - ^— » j 1 j>j Jll& JjL_u < k>j < "J^"" 1 ^JdL^' f*^ 1 ^ 



■L*-UJ 



^7 w ** ** *» 



CjLfcL>oVI *-£*->- 4r ^-J^-a jl^-^i» o *^-*j <— < d!>^ (Q- <-"■>- (J^l-i ^j^ijtjjjL^Jl (^j-SJI (J-2-lj 



4-lc^> L>> jwpju 4-4^*-^ 4 jt^l i '^> n ^Jl Jj-t^jJi Juu ^n^ (JjL-aJi lLs-2 ) *_l$j>* (jj^- 4jl3!jjI < ^ J i-juaJ I ^£jl 



-tOJ 



^^ •* ***** 



*JL*vtJj I Jl& jJjLIJ ?cla-caij 4_u-alILj j^GJLl •*■ La < aJI <\Ji£.Iju3jQ 4-j-coIj 4_<2£. LualLo 4 J^~ '** J>J *** r L^J-^' U"^ 



.uJ 



** ** * -_y -_> ~_y * ~^*+s 

/^JulA]| (J-JLcIuJ 1 l-SjjJ^J 4_u-t/LLc CjL^jjJ 



4-^3-JjjJlxJI 4-i-ujLJLl £.Ju (J^£ C-tJjJI 4-^ULjU2jI <OUj lA^" ^J*-^ 



4-JjLdJl ^J-JLcdJj I L-3j)jJaJ 4_U_uLLc (^ySJLA^ '^"J-^ 



jwLa]|j ciJj-tliJjL^aJi C-JaJIj dsLLaJli { j^=dVj1 4_4jLJLo 



i^^Jjja^l ^jjjJI £_l^l 



4_i 



]« iJu-ik <LuJul/1 Oa_i" 



tHJJ-^ 



'JriL> 



*» ** 

-^ * -^ * ** 





4j^-JLi 4j>»jJuu Aj^^LaJLi ^ >> ' ^ J ' ' "^^J-^ 


C^JI^l 


£-/r* 


u-/n* 




£-/r* 


^ ♦0«/ < \0* 


jLk* 



. vr . 







(^rv/Uj c jjjj < . (1 Lais ^P-JI o^JlP-^ (3^^^° 



Aj£=3J^j$z\ CjIjLU-oJI ^-i-uJll^C 4_ut-<^v C-<-/oLj9 

(Society of Automotive Engineers S AE) 

: L^aAj ^L U_jJ3j SjJ^la ^L^jJ J! o"J>^' cJM-**-"^ ^3±)3 ^L^=>>J.I ^JJJ f> J '"<".< ) 

S.A.ElOw (o^Ojj^juJIj^liAlJoj) 
S.A.E20w *\2Ai\ 3 < ^j.^iic^jj 

S.A.E30w . n„r,\\izu\ 

[ w ] <^j^o sj_ujilj ( S.A.E 20 w , S.A.E 10 w) ^UjjJI cilj cil^a^l ^jjj < ^n 



.Ijjjj^a LJL^jlL-uI l_Laiw ^jLajJ (j-^p-51 JyjLu-^ ^JiP J^J^ ^r *J ! J ^"^ ^ ' ^tj^-Vl CxJUjlLl^I JlSJj 



•j^- 1 ^j^j vj^-l h 6^ < - i ^ U^= p o! ^^ ^Ls=>^« 



_ vr _ 






JJIYYT 








Viscosity 
Number 



5W 
10W 

20W 

20 
30 
40 
50 



Time of Flow Through Saybolt 
Viscometer in Seconds 



at 0°F. 



i 



6,000 

(Note A) 

12,000 

(Note B) 



Max. 



6,000 

less than 
12,000 
48,000 



at 210°F. 



Min 



Max. 



45 
58 
70 
85 



less than 58 

less than 70 

less than 85 

110 



Note A. Minimum viscosity at D F may be waived provided 
viscosity at 210 = F is not below 40 seconds, Sayboft Universal. 
Note B. Minimum viscosity at 0°F may be waived provided 
viscosity at 210° F is not beiow 45 seconds. Saybolt Universal. 



(?) JjH- 



Lubrication with Grease f^^JL c^upJI 

CjijLLdVI j^sta J_dL5t-d CcJJj3 £-. ^e-tTaJ) aJlscILcuJ 4 (JLui J-j-u-u (j^JLc .C-cjJjIlU 3jL^^3 ^sccaJl a 1 jLScILt^ 1 

ojj ^ cyJbaiLu^ ^ BjLul A5tAll . ciljUcaJl 4- ( un powered <sjaS L$j ^^ ^1 ) sjliixi 



j^jHJ C-cjJjIlII JjL-u (^yQ /-\0 ^J\ /V* £ya c^JLselLcaXI (j^^ajJ 4 jLjjlXI 4_ . 4_ij^jLc£> SjLc-i dsjlit^o ^Jjuuc 



(ji*!-i 4jl3j_^j ^jge-cajl Lai d!L>».| 4_ Coj-ujIu JlJLl^ 4-uI/ (Lol^jb) L^j ljuLqj OJJ '^ dale j^jj^j 4 C-cjJjIlII 
( ajJaJLillj Ju^aJI < gjllaj L^-^y ^> dJJj (jr^Cj J-^L>JLl (J^L>* j-<£lui.a ^jIj^-u ^e-ckU CjJu>uJ V . SJl^jJI 



- Vt - 







: a^£J| gjjit 



^j-^ f^J-*' 4^^-3 ^^3^ c—JLjtlLcaJL I J-^aj I La j < uj 4_ii-^^J AjLgdLcaJH (JL3. t^aJI pJ-J (JLc (Q^e-t^ul ^-olji* Jl^Iljl 



< (AjxuJl^a ^Lul ^i j!) (lime based) L ^LuVl ^j^ <j>*?L^ 

4 (aJJJ|J_^) ^_<_uL-uVI (^JlJ-t-^ ^JI^jL-^ 
L-SLl]) ^)J^^=LJ ^ic 3 JlC L(_u.<JJ ^.Lil £yA ZY ^JIjJ^ *L3Lc£>U tiJ-ljlJ »-^»- d ^J^ (J-"L<^V| ^^^^^ AJ^e-tTo. 

. (l_3 WO) a A* ^(3^ J^£. (j^juaJj) JL-uJ L4JI VI 4 ^.LJLJ 4-4jlJLo L4JI £>* <*A>^ Cr^-J * 03^^- 



. ^UI^_^jju [&] VI ^U°YoO^Y* Jl Ju^ SjIjjx CiUjj ^L-Vl ajjj^ a^^UI J^^Ij 

(l.3 YYO) a ) 1 * Cr^ ^jL^^ ^^JO^ J-^3eI(J 1_£J) VI aJjlljuc ^.LJJ ^j-uL-uVI 4^^-lLi] Ajj?t_tla]| <Loj1JLg 






*_4 ^e-JoJI (J^-LdJ ^3 J ^3 Hi I J IJu^JI CjLajLj J^>OJ . Bjlj^JI CjL^jJ f L^jl P-A (a! JLgfcTLt-uVI) 4-rtJu>iJI 



JuJui Ja-i tiaJI OL^Lcot J^juj . ^.Lil -^>*J 4-!L>* ^_ I uaj) I Juu^JI *-Jl4J 1 n^" 1 j^jj^-lIIj c-JLu^JIj ^j-uLjcJJI 

Ij j^uu Ijukj . cuj^l <2Jal J2UI JU^I aju^ bjIj) ^k. (Extreme Pressure 9 EP) ^UjjVI 
^Lul J^=oil J-lUtu (anti wear) J^oJ! oL^U j|^ a^2j U^d . j^jJI c^j^I ^_ i^Uw u^] 

L^LiaJj . 4-J^iiieJLc iaSVjJl CjLcj^-u Ju^. ljJL^=3lL>.V| ^c ^-pe-tiuJI d)L^L-bl JlSjJ . ^3-iSjJI clx-i£pJI 

o^o^tiij ^ujuJil ^UmVl ^ ^^iii J-^f jLu^iil sjS ^LW.V dUij (takifiers) ^jjiil oLiA^ 



. 4-L^jLu^J (JLsj^ I J) ^f-JLc (JL^J^I -^>*J ^- ^5C-tIi]| ^.1 Jl ^-LrirsJ (_^ic. 4-aJLl^ Cj I J-loTw J-^JUJ . £.Llj 4-^jl_S-d 



- Vo . 







jJTYYT 



lull 



^bjJ!uV^lU2j 



JjuJLl ^ ^*£pl cjJMgl^) 3 jLj e^Lj-^ 



£>W1 


* * 




~~ : aJb dxj\i\ ' ily> j" i ul «->Lj>5 (JjUJ>II <— i-lliJI 




d^p. 3J>o.VI 4J3ji: J| C^u>U1 OJJ Mj-^ 3 " ^ 




(Jjjl 4-oL*JI cjIjUJI jj^J ci*^ ^-^ W^-'^ t5>^J 


*l^l( s ) i M< (0 


: ^£u cliJ i o.3 i =i9 


(Sj^^c) fyu^) 4 il or 


oIjUm.VIoIj^J^ 13 ( f ) 


dJj^wU aJLjL^ 


(jqul^-iU j^LlI (J^jG (c_j) 




4^t_uj ajIjU i <i*$\ (j\j^^>- (^ic c ~<-yLp-^ ^-^3 ^^l3 (?^ 








Jl ujum^ JtSljJI Cm)!! l, % t A > p^VJtl jjLLSJ! 




. 3l>^^' ^j^- 




J-UjUlJ C-<J5C-<-aJl aLq.C£> 3^"" L^ 1 -* (^3> J-L>u I J ( ^-1 (j) 




AJZjJl J\ L> ^>jl^i\ \jJt £y> C-Jj^alj Cl<JjJ! Jju^J U-4 


a! o cgaJ) J-J^j^u-ij (j) 


. L-cJt-caJl \| 0_cIl^ s L(J 1 /^!vTo-2sl 










(ojSjill (j^-xp 




(J^L>. »_iLu^> «) jL>«-> J^-* "■ (JLc- < ^-<£>5' <— 'j-*-"-* ~~ ^ 


jl>o jIjjs iaLisJiAlllJI 


** » t 1 ** *♦ ** 


C^jjJI j^u^ 





. vn . 






^IjjJIuVVI^uIjIjjbI! 4jUkdjjddLft^J 

jJlYYT 







jLulII 4-ka < ul^J C<JjJI C_ JjJLb 1 n^— < 4j (J^\ oL^L-bVI ^j- 43 (*A>^ l>°>^ JL2>*^ ^i}^^ \ < g^jtlu 



Cj[^=D V-loJI JJl>iJA . 4JjJUC 4-^L_oi kji^ZD yX\ )JUM J^U ill S->*X I CxJ \ U-UU C_-<_>«J dJJjJ 4 (CvJI CjLiL^c a 

^j ^ jij^i (6000 km , 2000 km) <^u ^jj^ 4^L^ j^ juu c^jjJI joJu c-j$^j i*iiXI 



. ijL^Liw 4-^juaJ 4 J.loJ 1 J j^*\ 4_u-uL(JLl CtJjJI i^jjJ ^A Jl^dGJI C-x^j CuJjJ I j^t-JtJ Ju£.J 



Ll>*Ll^ lL)j^>JLI j^aij £)] 



i Aulujl 



(Jj)is>* J^= 4- ^^J^' JJulIa C/JJJI JU- 



-U_U 



o = * J L9 



^j-a (j ^> I scj 1 1 s j^— » ^ * dJJjuj 4Jj^-<-aJ i^j-uj^j <L>*jjJ J^l C-tJj^l QJ^""J 4JL>JI £Jl& ^-fl^ . CtJjJI J^»J Ju£. 

:Cil^3>»JLI Cj^jU SjJISXI jHJ-rtl Cil>£ 
LjJLftj*-! AJLjuaJI (J^-J (j^° ct^Lh 4_uj/L-u! (J^aliC SjiC (JLc CjL^=>->J.I CjjjVJ 4_JLitl >-uJlL1I oCl£ ' '^j~<~ 



: (_jVL^3 ^—ik (J^l jjlJI <> jufca (A) J^ -1 -"■ >IaJl 4 L^V^- o-^J 



ENGINE OIL 

SAE VISCOSITY 

NUMBERS 





1 ^"-rf- -^ +* 



GEAR OIL 

SAE VISCOSITY 

NUMBERS 



SAE 75 

SAE 80 





(A) J 



XJJ 



. vv . 






jJTYYT 



lull 



^bjJ!uV^lU2j 




. 4j 2jl^>*jJLl J^>i-JI C(J^3 11 4-J-CUJ 4_t-^LiwJ AjL5tlL<-tJLl JjSjJI p^J ♦}♦ 



>JJ 



Li*oL^ 



LP* -^ J 






(^) J^-i m( jJkjl (. 4j^-ijM^-ij<\ c-ulj-j/j ijj^T "Ai^J 




WHAT CAN I DO ABOUT CONTAMINATION' 



^ju Ji o*L JLj> u*i liU 






II 



OJAJ 



1. Drain oil ol recommended intervals. 
If operating condition* arc very 
dirty, drain oflencr. 



2. Use CLEAN oil, containers. J** 



JW 1 



and work habils, ^ _ JV« 1 1 ^U J' 



3 



Iqte or clean filters when 
recommended before they become 

plugged. 



+ T+ 







CO J 



JLU 



4-uLc ajjI^j ^3^3 



♦ 



3 JutXI g-Lj^^i aU^IuI ♦}♦ 

L^j| ^Ltalulj 4_uLj9jJI 4-jLjuaJI 5JLw <♦ 



- VA - 






jJTYYT 



lull 



^bjJ!uV^lU2j 




judl 4- ci^^l JLjJL3tl]| 5JU 4- f£j oL^j^JLl 4- ^j^ J-^ jIj-ClluiV ^JLoil juju?tl!! <jp* ^UjlSj 



^-jLlllI 4U^\1 ^ ♦£ Cj 1 j^co L>JL 1 (J^Liw 4-j-Ls LuTl<.u 2 1 J A-uIjj^^I A-lSj-lL^jJ I J 4-JU^lII J-u-^LijJI (Jjlju r<Uj) 



jLcjJIj ^ia-L^jj|j QJ ' "J J '^"* UL^J^^'J ^*JL>^' J-aufc-SJ *L>*jjJu! ^° J*^" 1 1 4-u-ollu L^jVjJjucj 









£-^Ji9- 



X-4-J 4 



*-j-4J 



J^>JU J] *U 4-U^jJI (Ji*lj ^J5e-tla]i *-3J 4-<^5e_tiL<u] ^j ^i <nj .J-^>JLl J I Ja-^jJ U^jJuLo LlSj C-<_uj 



^JLc £p^1 Li J) 4 qjrfT*n f<3 ^UL^e-LoTu I 4-L-^J UJ^" 1 " JlS . 4-<^5C-tlJLl *-^J J^*J ?7JJ^>J| ^j-4 ^J5C-tIaJI £oj*»j aU.u? 



.J^n ,1,11 j&\ t U^UI JUCl^V (_^LUll J^>iJI ^bVcdJjj <°V jl°£o ajjIj J 



-i-(J 




Applying Grease To Pressure Fitting Using Hand Gun 



00J 



u_a 



- V^ . 



taljll3db>jll 



^IjjJIuVVljtjtjIjJfill SSUlflJjrlH'fln 



lull 



^^b^Jlj U^J>1I Ji^- jrf jqA&Iltj ^jLu^JI 



jJTYYT 




^Ij>1IuV^I^u2j 



4 nr /J-cu-Lca^a 



Lu3 ^_ul 



:4-ji_ut 



^j^uiJl aujj 



: L) 



j\^\ 



^jLLu 



JjtLilll 



£dj^ 



4_Ll*JI 



4_i_t*J1 



(Oj 



06/1 
7/81 



9459 
6352 
1004 
8776 
2114 
1102 



_ A 



* _ 






jilrrr 



lull 



^Ij>1IuV^I^u2j 




'3tHj^' 



JuJls* 



4_LutJI 



9459 
6352 
1004 

8776 

244 

1102 



. A^ . 



ulflhinU 



liUfilj>HijV5fljuljl_>*JI AJLudjjn^ifrt 



full 




jJlYYT 



?bttljjll2yiHU23 



uLdkyall 



Abrasive Wear 


(, u ~„7i\\ ) ,," i witi 2-»- r, i i<t*vt £~ . ,.y\ 


Adhesive Wear 


31 cVJtVI J^juj Ld^luiVl 


Adapters 


(ollt^\) OjLluJI Jl^.1^ 


Adjusting Screw 




Adjustment 




Actuator 


( jLaJLa) /jJLoi-^ 


Agitator 


Oa}UJ! 


Agricultural tractors 




Alternator 


jJj-4 


Anti wear 


J^QJI oUiU 


API 




ASHING 


(jUjJJj^Jtl) JLuopJI 


ASTM 


4_l^=lJ^C^I jlj-ll (J-^L-t^ 4^-L& 


Attachment track 


^JJih^ 


Amber meter 


jILl^-u-^jI jLlIIi Bjui ^j-uLiS jL^>» 


Adjusting 




Alignment 


BliUai 


Air Stream 


*W j^p 


Auger 


4-4£)wlJI 


Average 


t l-N / « lA* A 


Balance 


ojtjUt 


Balancing plunger Delivery 


^r <>» ! 1 a l -s^j <. /»jiv i^~ a <j lj A 


Baler 


4jLJ < aJLu 


Battery 


ajjLU-lJI 


Backward tip 


* 



- At . 



uLUkyall 



^IjjJIuVVljutJljJslI ^Lu^JjadA^J 



lull 



jJTYYT 




^Ij>1IuV^I^u2j 



Bearing 




Bleed Screw 




Calibrating 




Cavitations Wear 


. A-^.t| 2-*. t~\ i<t*vi @~ , ,.y\ 


causes 


* * 


COAKING COEFFICIENT 


t^ljij^— i"tl J aI * a 


Classification of Maintenance 




Combine planter 


jLL^-cuJj 4_C |j j 4J) 


Cost 




Couplings 


oUjUJI 


Covering device 




Cultivate 


&&} 


Cutting &Threshing system 


sJ"JJ • t-* ^ 1 1 a ^ Um f aJ i/^ 


Combine planter 


Jll^-cujj a_c| n\ aj| 


COMMERCIAL 




Combine harvester 


(d^\l ^j <* ^Stl ^ a,1i^I-w 


Control valve 


<W^3_>iJ aUjLS 


Conclusion 


^LuTLt-ul 


Crawler tractor 


j>^ jIh* 


Cross bar 




Circuit 


s^sb 


Center gravity 


j^'j^j-* 


Centrifugal force 


BjjLkil ajj^djJLI ij2i\ 


Cleaning System 


a^LkJJI AUkj 


Clearance 


^DjJL>Jl 


Coulter adjustment 





. hr . 



uLUkyall 



jJTYYT 



lull 




^Ij>1IuV^I^u2j 



Crude Oil and Refining 


^j^<^-."t|^ ^.i-ni it->^/t| 


Damage 


C Sl\~ 


Disc harrow 




Depth wheel 


J^jlI! JuJl>iJ J^t-C 


Debris 


2 J 1 j^j c c-tj 1 j_tl/ 


Decrease speed 


4-C>-<_aj| ^j^&>* 


Depth Control 


^^•!| il-N « l>» 


Diluted lubricating oil 




Disc plough 


CjIjj^C 


downhill 


lLd9_i-A 


Down time 


<>jJI 4- j^UJt 


draft 


^uljlaJl AJjLHI 


Drill seeding (drilling ) 


JJ 1 ' ^ '"~ 1 


Drive shaft 


JuLj9 J>j-$-C 


Drum 


^)-<jjJui 4j1jI^ Mil 


Dual wheel 


(Jjj) i^jjj^c 4JL?tC 


Dusting 


v < ^ #~ 


Element 


(j '1^ j ^)<T 


Electric Motor 





- A£ . 



uLUkyall 



jilrrr 



lull 



^bjJIuV^lUuj 




Empty 


ij^ 


ENGELER 


j^i ^i>^' i^^ jU^- 


Engine Overheating 


<4^' h^ t^jl 


Engine overloaded 


j^ljJ! ciJj^Jl! J^ 


Engine Knocking 


liij^iLi jjjJa 


Erosion Wear 




EXTREME PRESSURE OILS 


t * * *xf --» 


Excessive Exhaust Smoke 


^ si * tl ii a r;--— i ^jl ^ \ 


Gasket 




Gearbox 


oLcj-x-JI ^j-^- 4 -- 5 


Governor 


rt ta ) [ 1 


Greasing 


rt iir cm 1 


Grease points 


^l^_-JIllji JoLIL) 


Grease gun 




Fan 


^■jlA' 


Fan belt slipping 


^•i> 1 - , jTe j - u 3^J- i ' 


Fatigue Wear 


jL^VI o_oi <_!>L«i_.V1 


Fibers 




Fixed oils 


4-UljJI OjJjJI 


Front Furrow Width 




Front wheel 




Flow 


J^JllII 


Fuel pump 


^j_S_>j| 4-5C_t-_-wC 


Fuses & Wires 


OljJ_L__tl J Cj^L-ojJI 


Hard hat 


(<LJL_>) 4jL$_>. <L*_l3 



. ho . 



uLUkyall 



jJTYYT 



lull 



^Ij>1IuV^I^u2j 




Hard Starting 


(J-JLlIuj 1 £-Ju 4ja.*.jur> 


Heat Plugs 


Cj LjlVu.it! 


Height 


t^ ] 


Hitching 


^J^ ' J^W 


Hydraulic Pump 


<JJLujijJl-uJ 1 4 V <^* 


Hydraulic Motor 




Hydraulic Cylinders 


2 1 <^ Ajj\ ^\\ <-ti;|jU,,«yi 


Hydraulic Pump Pressure &Capacity 


a «^— » « >jij l ^ 'I 2 V j>»I,| JjV Hj il^#i>» 


Hydraulic Tubing 


^JJ^'^hf-^'j-* 


HYDRAULIC TESTER 




Hydrometer 


ijSJjP^sjyi J^UJ.1 £ali^= (,^=15^ jL^ 


Flow 


uk>" < (3^^ 


HOPPLER 


jjj^t ^.jjiJI <ju,L2> jL^v 


Incorrect timing 




Increase speed 


lcj-uA\ JJJ 


Injectors 


oliwlV ill 


Insufficient fuel 


^L^ 3 ^ ->J% 


Inverted valve 


C-JLB AU-L3 


Intervals 


4jl H^tl OJj^ 


Iron Tyre 


Jj^ J^IL 


Irregular Operation 




Isolate 


Jj^ t^J 



. An . 



uLUkyall 



jJTYYT 



lull 



^Ij>1IuV^I^u2j 




Knife Control 


(J^^-n i aJ) <^3->iJ 


Laminar flow 




Late injection pump timing 


£jJL>j! A **• '^> ^ C-<_l9jj ^_j*l>»G 


Leak off 


*^>*IjJI SjscIlS 


Leakage 


(c-Jj-uu) ^JJ^J 


Loss of Power 


BjJlSJI JuiS 


lower gear 




Lubrication with Grease 


^jge-uJu cl^JJj^JI 


Leakage 


V^>^ ' v^h£ 


Leveling 


Ajq-cuTuI 


Loss of compression 


<Ul * ,>»WI i7>* 


Lubricating 




Manuals 




MISCELLANEOUS INDUSTRIAL 

OILS 


a^h^-^l 2 t r\)<^\\ <"*jj^tl 


Mower conditioner 




mounted equipment 


4 £l* ^ (a. 1* a) 4 t| 


Naphthalene based 




Oil Film 




Oil For Contamination 


^JJ^'^^^ 


One way plowing 


(JjJw j| l^jUo Sj^J* CJj^>JI 


Operating 


JiAj 



- AV . 



uLUkyall 



^IjjJIuVVljutJljJslI ^U^JjadA^J 



lull 
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Torque 
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Transfer pump 
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Troubleshooting 
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VISCOSITY RATIO 


wheels 


* 


Worm gear 




Wheel hub 


Jj^JUl 3 >i-^ 


Windrower 


4^dj^>Ji 4-UlJ A-titrt-d 
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